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GENETIC SILENCING 
FIELD OF THE INVENTION 

5 The present invention relates generally to a mettiod of inducing, promoting or ofiierwise 
facilitating a change in the phenotype of an animal cell or group of animal cells including a 
animal comprising said cells. The modulation of phenotypic expression is conveniently 
accomplished via genotypic manipulation throu^ such means as reducing translation of 
transcript to proteinaceous product The ability to induce, promote or otherwise facilitate 

10 the silencing of expressible genetic sequences provides a means for modulating the 
phenotype in, for example, the medical, veterinary and the animal husbandry industries. 
Expressible genetic sequences contemplated by the present invention including not only 
graes normally resident in a particular animal cell (i.e. indigenous genes) but also genes 
introduced througji recombinant means or through infection by pathogenic agents such as 

15 viruses. 

BACKGROUND OF THE INVENTION 

Reference to any prior art in this specification is not, and should not be taken as, an 
20 acknowledgment or any form of suggestion that this prior art forms part of the common 
general knowledge in Australia or any other country. 

Bibliogrs^hic details of the publications referred to by auflior in this specification are 
collected at the end of the descriptioiL 

25 

The increasing sophistication of recombinant DNA techniques is greatly fadlitating 
research and development in the medical and veterinary industries. One important aspect 
of recombinant DNA technology is the development of means to alter the genotype by 
modulating expression of genetic material. A myriad of desirable phenotypic traits are 
30 potentially obtainable following selective inactivation of gene expressioiL 
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Gene inactivation, tiiat is, the inactivation of gene e3q)ression, may occur in or or in trans. 
For CIS inactivation, only the target gene is inactivated and otiier similar genes dispersed 
throughout the genome are not affected. In contrast, inactivation in trans occurs when one 
or more genes dispersed toougjiout the genome and sharing homology wifli a particular 

5 target sequence are also inactivated. In the literature, the term "gene silemdng" is 
frequently used. However, this is generally done wifliout an appreciation of whether the 
gene silencing events are capable of acting in trans or in cfa. This is relevant to the 
commercial exploitation of gene silencing technology since ds inactivation events are of 
less useMness than events in trans. For example, there is less likelihood of success in 

10 targeting endogenous genes (e.g. plant genes) or exogenous genes (e.g. genes from 
pathogens) using techniques which promote cis inactivation. Furthemore, in mstances 
where gene inactivation is monitored using a maiker gene, it is frequentiy not possible to 
discriminate between cis and trans inactivation events. There is, therefore, confusion m the 
literature regarding the precise molecular mechanisms of gene inactivation (Garrick et aL, 

15 1998; Pal-Bahdra et al, 1997; Bahramian and Zaibl, 1999). 

The existing Uterature is extremely confused as to mechanisms of gene inactivation or gene 
silencing. For exanq)le, the term "antisense" is used to describe situations where genetic 
constructs designed to express antisense RNAs are introduced into a cell, the aim being to 
20 decrease repression of that particular RNA. This strategy has been widely used 
experimentally and in practical ^Ucations. The mechanism by which antisense RNAs 
function is generally believed to involve duplex fonnation between the endogenous sense 
RNA and the antisense sequences which inhibits translation. There is, however, no 
unequivocal evidence that tiiis mechanism occurs at all in higher eukaryotic systems. 

25 

The term "gene silmdng" is frequently used to describe inactivation of the expression of a 
transgene in eukaryotic cells. There is much confiision in die literature as to the mechanism 
by which tins occurs, altiiough it is generally beheved to result from transcriptional 
inactivation. It is unclear whether this particular mechanism has any great practical utiUty 
30 since ttie expression of the gene itself is inactivated, i.e. there is no trans mactivation of 
other genes. 
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IB plants, the tern **co-suppiessiorf' is used to describe precisely situations where a 
transgene is introduced stably into the genome and expressed as a smse-RNA. 
Surprisingly, expression of such transgene sequences results in inactivation of homolo^us 

5 genes, i.e. a sequence specific trans iaactiyation of gaie expression (N^li et aL^ 199.0; 
vanderKrol ef a/., 1990). The molecular phenotype of cells in which fliis occurs is well 
described in plant systems: a gene is transcribed as a precursor mRNA, but it is not 
translated. Another term used to describe co-suppression is post-transcriptional gme 
inactivation. The disappearance of mRNA sequences is thou^t to occur as a consequence 

10 of activation of a sequence specific RNA degradative system (Undbo et al., 1993; 
Waterhouse et al„ 1999). There is considerable confiision within tiie animal literature 
regaixling the term "co-suppression" (Bingham, 1997). 

Co-suppression, as defined by the specific molecular phenotype of gene transaiption 
15 without translation, has previously been considered not to occur in mammalian systems. It 
has been described only in plant systems and a lower eukaiyote, Neurospera (Cogoni et 
a/., 1996; Cogoni and Macino, 1997). 

In work leading up to the present invention, the inventors have enq)loyed genetic 
20 manipulative techniques to induce gene silencing in animal cells. The genetic manipulative 
techniques involve the induction of post-transcriptional inactivation events. The inventors 
have thereby provided a means for co-suppression in animal cells. The mduction of co- 
suppression in animal ceUs permits the manipulation of a range of phenotypes m animals. 
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SUMMARY OF THE INVENTION 

Throughout this specification, unless the context requires otiierwise, the word *'compiise", 
or variations such as "conq>rises" or "comprising", will be understood to imply the 
5 inclusion of a stated element or integer or group of elements or integers but not the 
exclusion of any other element or integer or groi^ of elements or integers. 

Nucleotide and amino acid sequences are rcfared to by a sequence identifier number (SEQ 
ID NO:). The SEQ ID NOs: correspond numerically to die sequence identifiers <400>1, 
10 <400>2, etc. A sequence listing is provided after the claims. 

One aspect of the present invention provides a genetic construct comprising a sequence of 
nucleotides substantially identical to a target endogenous sequence of nucleotides in the 
genome of a vertebrate animal cell wherein upon introduction of said genetic construct to 
15 said animal cell, an KNA transcript resulting from transcription of a gene comprising said 
endogenous target sequence of nucleotides exhibits an altered capacity for translation into 
a proteinaceous product. 

Another aspect of the present invention provides a genetic construct comprising:- 

20 

(i) a nucleotide sequrace substantially identical to a target endogenous 
sequence of nucleotides in the genome of a v^ebrate animal cell; 

(ii) a single nucleotide sequence substantially complraientary to said 
25 target endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence 
of (i)and(ii); 
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wherein iqxm introduction of said construct to said animal cell, an FNA transcript 
resulting from transraiption of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered cq)adty for transcrqition. 

5 A further aspect of the presort invaition provides a genetic construct conq)rising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell; 



10 



15 



(ii) a nucleotide sequence substantially complementary to said target 
endogenoxis nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence ss^arating said nucleotide sequence of 
(i)and(ii); 



wherein upon introduction of said construct to said animal cell, an RNA transcript 
resulting from transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product and 
wherein there is substantially no reduction in the level of transcription of said gene 
20 comprising Uie endogenous target sequence and/or total level of RNA transcribed from 
said gene comprising said endogenous target sequence of nucleotides is not substantiaUy 
reduced 

Yet anotiier aspect of tiie present invention provides a genetically modified vert*rate 
25 animal cell charactoized in that said cell:- 



(i) comprises a sense copy of a target aadogenous nucleotide sequence 
introduced into said cell or a parent cell thereof. 
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(ii) comprises substantially no proteinaceous product encoded by a gene 
comprising said endogenous target nucleotide sequmce conqiared to 
a non-genetically modified fonn of same cell; and 

S (iii) comprises substantially no reduction in the levels of steady state 

total RNA relative to a non-genetically modified fonn of Ifae same 
ceU. 

Another aspect of the present invention provides a method of altering the phenotype of a 
10 vertebrate animal cell wherein said phenotype is conferred or otherwise fecilitated by the 
expression of an mdogenous gene, said method comprising introducing a genetic constmct 
into said cell or a parent of said cell wherein the genetic construct conqirises a nucleotide 
sequence substantially identical to a nucleotide sequence comprising said endogenous gene 
or part thereof and wherein a transcript exhibits an altered capacity for translation into a 
15 proteinaceous product compared to a cell without having had the genetic construct 
introduced 

Even yet another aspect of the present invention provides a genetically modified murine 
animal comprising a nucleotide sequence substantially identical to a target endogenous 
20 sequence of nucleotides in the genome of a cell of said murine animal whereiu an RNA 
transcript resulting fiom transcription of a gene comprising said endogenous target 
sequence of nucleotides exhibits an altered capacity for translation into a proteinaceous 
product. 

25 Still a further aspect of tiie present invention is directed to the use of gen^c construct 
comprising a sequence of nucleotides substantially identical to a taj^et endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell in the generation of an 
animal cell vrfierein an RNA transcript resulting torn transcription of a gae comprising 
said endogenous target sequence of nucleotides exhibits an altered capacity for translation 

30 into a proteinaceous product 
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Another aspect of flie presmt invention contemplates a method of genetic therapy in a 
vertebrate an\mA\ said method comprising introducing into cells of said animal comprising 
a sequence of nucleotides substantially identical to a target endogenous sequence of 
nucleotides in flie genome of said animal cells such that \xpon introduction of said 
5 nucleotide sequence, RNA transcript resulting fibom transcription of a gene comprising said 
endogenous target sequence of nucleotides exhibits an altered capacity for translation into 
a proteinaceous product. 
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BRIEF DESCRIPTION OF THE FliGURES 

Figure 1 is a diagrammatic representation of the plasmid, pEGFP-Nl- For further details, 
refer to Example 1. 

5 

Figure 2 is a diagrammatic representation of the plasmid, pCMV.cass. For further details, 
refer to Example 11. 

Figure 3 is a diagrammatic representation of the plasmid, pCMVJBGI2.cass. For further 
10 details, refer to Example 1 1 . 

Figure 4 is a diagrammatic representation of the plasmid, pCMV.GFP.BGI2 JFG, For 
further details, refer to Example 12. 

15 Figure 5 is a diagrammatic representation of the plasmid, pCMV,EGFP. For further 
details, refer to Example 12. 

Figure 6 is a diagrammatic representation of the plasmid, pCMV"^.BGI2.cass. For further 
details, refer to Example 12. 

20 

Figure 7 is a diagrammatic representation of the plasmid, pCMV^.GFP£GI2JPFG. For 
further details, refer to Example 12. 

Figure 8 shows an example of Soutixem blot analysis of putative transgenic cell lines, in 
25 this instance porcine Iddney cells (PK) which had been transformed with the construct 
pCMVJEGFP. Genomic DNA was isolated firom PK-1 cells and transformed lines, 
digested with the restriction endonuclease BamRl and probed with a ^^P-dCTP labeled 
EGFP DNA fragment. Lane A is a molecular weight marker where sizes of each fragment 
are indicated in kilobases (kb); Lane B is the parental cell line PK-1. Lane C is A4, a 
30 transgenic EGFP-expressing PK-1 cell line; Lane D is C9, a transgenic non-expressing PK- 
1 cell line. 
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Figure 9 shows microgr^hs of PK-1 cell lines transformed with pCMV^GFP, viewed 
under nonnal light and under fluorescence conditions designed to detect GFP. A: PK 
EGFP 2.11 cells nnder normal light; B: PK EGFP 2.1 1 cells under fluorescence conditions; 
5 C: PK EGFP 2.18 cells under nonnal ligjit; D: PK EGFP 2.18 cells under fluorescence 
conditions. 

Figure 10 is a diagrammatic representation of the plasmid, pCMVJ3EV23GI2.2VEB, For 
further details, refer to Example 13. 

10 

Figure 11 is a diagrammatic representation of the plasmid, pCMV.BEV.EGFP.VEB. For 
further details, refer to Example 13. 

Figure 12 shows micrographs of CRIB-1 cells and a CRlB-1 transformed line [CRB-l 
15 BGI2 # 19(tol)] prior to and 48 br after infection with identical titres of BEV. A: C3UB-1 
cells prior to BEV infection; B: CRlB-1 cells 48 hr after BEV infection; C: CRIB-1 BGI2 
# 19(tol) cells prior to infection with BEV; D: CRIB-1 BGI2 # 19(tol) 48 hr after BEV 
infection-For further details, refer to Exan:q)le 13, 

20 Figure 13 is a diagrammatic representation of the plasmid, pCMV.TYR.BGI2.RYT. For 
furtiier details, refer to Example 14. 

Figure 14 is a diagrammatic representation of the plasmid, pCMV.TYR. For further 
details, refer to Example 14. 

25 

Figure 15 is a diagrammatic representation of the plasmid, pCMV.TYR.TYR. For finther 
details, refer to Example 14. 

Figure 16 shows levels of pigmentation in B16 cells and B16 cells transformed with 
30 pCMV.TYRJBGI2JlYT. CeU lines are, from left to right: B16, B16 2.1.6, B16 2.1.11, B16 
3.1.4, B16 3.1.15, B16 4.12.2 andB16 4.12.3.For further details, refer to Exan5)le 14. 
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Figure 17 is a diagrammatic Tq)resentation of the plasmid, pCMV.GALTiGI2.TIAG. 
For further details, refer to Exairple 16. 

5 Figure 18 is a diagrammatic representation of the plasmid, pCMV.MTK3GI2XTM. For 
further details, refer to Example 17. 

Figure 19 is a diagrammatic i^>resentatioii of flie plasmid, HER2.BGI2.2REIL For further 
details, refer to Example 18. 

10 

Figure 20 shows immunofluorescent micrographs of MDA-MB-468 cells and MDA-MB- 
468 ceUs transformed with pCMVJDBR2.BGI2.2REH stained for HER-2. A: MDA-MB- 
468 cells; B: MDA-MB-468 cells stained with only the secondary antibody, C: MDA-MB- 
468 1.4 cells stained for HER-2; D: MDA-MB-468 1.10 cells stained for HER-2. For 
15 further details, refer to Example 18. 

Figure 21 shows FACS analyses of HER-2 expression in (A) MDA-MB-468 cells; (B) 
MDA-MB-468 1.4 cells; (C) MDA-MB-468 1.10 ceUs. For further details, refer to 
Example 18. 

20 

Figure 22 is a diagrammatic representation of the plasmid, pCMV BRN2.BGI2.2NRB. For 
further details, refer to Example 19. 

Figure 23 is a diagrammatic representation of the plasmid, pCMV.YBl.BGI2.lBY. For 
25 furttier details, refer to Example 20. 

Figure 24 is a diagrammatic representation of the plasmid, pCMV.YBl.p533GI2.35p. 
IBY. For Further details, refer to Example 20. 



30 Figure 25 is a histograph showing viable cell counts after transfection with YB-l-related 
gene constructs and oUgonucleotides. ViAle cells were counted in quadruplicate sanq>les 
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with a haemocytometer foUowing staiiimg with trypan blue. Column heights show the 
average cell count of two independent transfection ejcperiments and vertical bars indicate 
the standard deviation. (A.) Viable B10.2 cell counts 72 hr after transfection with gene 
constructs: (i) control: pCMV.EGFP; (ii) pCMV.YBl.BGI2.lBY; (iii) 
5 pCMV.YBl.p53.BGI2.35p.lBY. All materials and procedures used are desraibed in Ihe 
text for Example 20. (B) Viable Pam 212 ceU counts 72 hr after transfection with gene 
constructs: (i) pCMV.EGFP; (ii^ pCMV.YBl.BGI2.lBY; (iii) 

pCMV.YBl.p533GE.35p.lBY. All materials and procedures used are described in flie 
text for Example 20. (Q Viable B10.2 cell daunts 18 hr after transfiwtion with 
10 oligonucleotides: (i) control: lipofectin (trademark) only; (ii) controh non-specific 
oligonucleotide; (iii) decoy Y-box oUgonucleotide. AU materials and procedures used are 
described in the text for Example 20. (D) Viable Pam 212 ceU counts 18 hr after 
transfection with oligonucleotides: (i) control: Lipofectin (trademaric) only; (ii) control: 
non-specific oUgonucleotide; (iii) decoy Y-box oUgonucleotide. All materials and 
1 5 procedures used are described in the text for Bxample 20. 
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DETADLED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is predicated in part on the use of sense nucleotide sequmces 
relative to an endogenous nucleotide sequence in a vertebrate animal cell to downrregulate 

5 expression of a gene comprising said endogenous nucleotide sequence. The endogenous 
nucleotide sequence may comprise all or part of a gene and may or may not indigenous to 
the cell. A non-indigenous gene includes a gene in the animal cell introduced by, for 
example, viral infection or recombinant DNA technology. An indigenous gene includes a 
gene which would be considered to be naturally present in the animal ceU. The down- 

10 regulation of a target endogenous gene includes the introduction of the sense nucleotide 
sequence to that particular cell or a parent of that cell. 

Accordingly, one aspect of the present invention provides a genetic constmct comprising a 
sequence of nucleotides substantially identical to a target endograous sequence of 
15 nucleotides m the genome of a vertebrate animal cell wherein upon mtroduction of said 
genetic construct to said animal cell, an RNA transcript resulting from transcription of a 
gene comprising said endogenous target sequence of nucleotides exhibits an altered 
capacity for translation into a proteinaceous product. 

20 Reference to "altered capacity*' preferably includes a reduction in the level of translation 
such as from about 10% to about 100% and more preferably from about 20% to about 90% 
relative to a cell which is not genetically modified. In a particularly preferred embodim^t, 
the gene corresponding to the target endogenous sequence is substantially not translated 
into a proteinaceous product Convenientiy, an altered capacity of translation is determined 

25 by any change of phenotype wherein the phenotype, in a non-genetically modified cell, is 
faciUtated by the expression of said endogenoxis gene. 

Preferably the vertebrate animal cells are derived from mammals, avian species, fish or 
reptiles. Preferably, the vertebrate animal cells are derived fi^om mammals. Mammalian 
30 cells may be &om a human, primate, livestock animal (e.g. sheep, cow, goat, pig, donkey, 
horse), laboratory test animal (e.g. rat, mouse, rabbit, guinea pig, hamster), companion 
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animal (e.g. dog, cat) or captured wild animal. Particularly piefeired manunalian cells are 
fix>m human and murine animals. 

The nucleotide sequence in flie genome of a vertebrate animal cell is referred to as a 
5 "genomic" nucleotide sequence and prefoably corresponds to a gene encoding a product 
conferring a particular pheaotype on the animal cell, groiq) of animal cells and/or an 
animal comprising said cells. As stated above, the endogenous gene may be indigenous to 
the animal cell or may be derived &om a exogenous source such as a virus, intracellular 
parasite- or introduced by recombinant or other physical means. Refereuce, therefiire, to 
10 "genome" or "genomic" includes not only chromosomal genetic material but also 
extrachromosomal genetic material such as derived from non-integrated viruses. Reference 
to a "substantially identical" nucleotide sequence is also encompassed by terms including 
substantial homology and substantial similarity. 

1 5 Referrace herein to a "gene" is to be taken in its broadest context and includes:- 

(i) a classical genomic gene consisting of transcriptional and/or translational 
regulatory sequences and/or a coding region and/or non-translated sequences (i.e. 
introns, 5'- and 3*-untranslated sequences); 

20 

(ii) mRNA or cDNA corresponding to the coding regions (i.e. exons) optionally 
comprising S'* and 3'-untranslated sequences linked thereto; or 

(iii) an amplified DNA fragment or other recombinant nucleic acid molecule produced 
25 in vitro and comprising all or a part of the coding region and/or 5'- or 3*- 

untranslated sequences linked thereto. 

The gene in the animal cell genome is also referred to as a target gene or target sequence 
and may be, as stated above, naturally resident in the genome or may be introduced by 
30 recombinant techniques or other means, e.g. viral infection. The term "gene" is not to be 
construed as limiting flie target sequence to any particular structure, size or composition. 
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The target sequence or gene is any nucleotide sequence which is capable of being 
expressed to form a roRNA and/or a proteinaceous product The term "expressed" and 
related terms such as "'expression*' include one or both steps of transciiption and/or 
translation. 

5 

In a -preferred embodiment, the nucleotide sequence in the genetic construct further 
comprises a nucleotide sequence complementary to the target endogmous nucleotide 
sequence. 

10 Accordingly, another aspect of tiie present invention provides a genetic construct 
comprising:- 

(i) a nucleotide sequence substantially identical to a target endogenous sequence of 
nucleotides in the genome of a vertebrate animal cell; 

15 

(ii) a single nucleotide sequence substantially complementary to said target 
endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of (i) and (ii); 

20 

wherein upon introduction of said construct to said animal cell, an RNA transcript 
resulting fiom transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered c£^acity for transcription. 

25 Preferably, the identical and complementary sequences are separated by an intron 
sequence. An example of a suitable intron sequence includes but is not limited to all or part 
of a intron from a gene encodmg jS-globin such as human /^globin intron 2. 

The loss of proteinaceous product is conveniently obsCTved by the change (e.g. loss) of a 
30 phenotypic property or an alteration in a genotypic property. 
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The target gene xnay encode a structural protein or a regulatory protein. A '^regulatory 
protein" includes a transcription fiactor, heat shock protein or a protein involved in 
DNA/RNA replication, transcription and/or translation. The target gene may also be 
resident in a viral genome which has integrated into the animal gene or is present as an 
5 extrachiomosomal element For example, the target gene may be a gene on an HIV 
genome, hi this case, flie genetic construct is useful in inactivating translation of ttie HIV 
gene in a manmialian cell. 

Wherein the target gene is a viral gene, it is particularly preferred that flie viral gene 
10 encodes a function which is essential for replication or reproduction of fiie virus, such as 
but not Umited to a DNA polymerase or KKA polymerase gene or a vkal coat protein gme, 
amongst others. In a particularly preferred embodiment, the target gene comprises an KNA 
polymerase gene derived from a single-stranded (+) RNA virus such as bovine enterovirus 
(BEV), Sinbis alphavirus or a lentivirus such as but not limited to an immunodeficioacy 
15 virus (e.g. HIV-1) or alternatively, a DNA polymerase derived from a double-stranded 
DNA virus such as bovine herpes virus or herpes siiq)Iex virus I ^IS VI), amongst others. 

In a particularly preferred embodiment, the post*transcriptional inactivation is preferably 
by a mechanism involving trans inactivation. 

20 

The genetic construct of the present invention generally, but not exclusively, comprises a 
synthetic gene. A "synthetic gene" comprises a nucleotide sequence which, when 
expressed inside an animal cell, down-regulates expression of a homologous gene, 
endogenous to the animal cell or an integrated viral gene resident therein. 

25 

A synthetic gene of the present invention may be derived from naturally-occuning geaes 
by standard recombinant techniques, the only requirement being that the synthetic gene is 
substantially identical or otherwise similar at the nucleotide sequence level to at least a part 
of the target gene, the expression of which is to be modified By "substantially identical" is 
30 meant that the structural gene sequence of ttie synthetic geac is at least about 80-90% 
identical to 30 or more contiguous nucleotides of the target gene, more preferably at least 
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about 90-95% identical to 30 or more contiguous nucleotides of the target gene and even 
more preferably at least about 95-99% identical or absolutely identical to 30 or more 
contiguous nucleotides of the target gene. Alternatively, tiie gene is csspMQ of hybridizing 
to a target gene sequence under law, preferably medium or more preferably hi^ 
5 stringency conditions. 

Reference herein to a low stringency includes and encompasses fiom at least about 0 to at 
least about 15% v/v fonnamide and &om at least about 1 M to at least about 2 M salt fiir 
hybridization, and at least about 1 M to at least about 2 M salt for washing conditions. 

10 Generally, low stringency is at fiom about 25-30**C to about 42'*C. The temperature may 
be altered and higher temperatures used to replace formamide and/or to give alternative 
stringency conditions. Alternative stringency conditions may be applied where necessary, 
such as medium stringency, which includes and encompasses fiom at least about 16% v/v 
to at least about 30% v/v foimamide and from at least about 0.5 M to at least about 0.9 M 

15 salt for hybridization, and at least about 0.5 M to at least about 0.9 M salt for washing 
conditions, or higji stringaicy, which includes and encompasses from at least about 31% 
v/v to at least about 50% vA^ formamide and from at least about 0.01 M to at least about 
0.15 M salt for hybridization, and at least about 0.01 M to at least about 0.15 M salt for 
washing conditions. In general, washing is carried out at Tm = 69.3 + 0.41 (G+Q% 

20 (Marmur and Doty, 1962), However, the Tn, of a di5)lex DNA decreases by l^^C with every 
increase of 1% in the number of nusmatch base pairs (Bonner and Laskey, 1974). 
Formamide is optional in these hybridization conditions. Accordingly, particularly 
preferred levels of stringency are defined as follows: low stringency is 6 x SSC buffer, 
0.1% w/v SDS at 25-42^C; a moderate stringency is 2 x SSC buflGa:, 0.1% w/v SDS at a 

25 temperature in the range 20X to 65°C; high stringency is 0.1 x SSC buffer, 0.1% w/v SDS 
at a temperature of at least 65**C. 

Generally, a synthetic gene of the instant invention may be subjected to mutagenesis to 
produce single or multiple nucleotide substitutions, deletions and/or additions without 
30 aflFectlDg its ability to modify target gene expression. Nucleotide insertional derivatives of 
the synthetic gene of the present invention include 5* and 3' terminal fusions as well as 
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intra-sequence insertions of single or multiple nucleotides. Insertional nucleotide sequence 
variants are those in which one or more nucleotides are introduced into a predetennined 
site in the nucleotide sequence although random insertion is also possible with suitable 
screening of the resulting product Deletional variants are characterized by flie removal of 

5 one or mote nucleotides &om the sequence. Substitutional nucleotide variants are those in 
which at least one nucleotide in Ihe sequence has been removed and a diflfercnt nucleotide 
inserted in its place. Such a substitution may be "silenf ' in that the substitution does not 
change the amino acid defined by the codon. Alternatively, substituents are designed to 
alter one amino acid for another similar acting amino add, or amino acid of like charge, 

10 polarity, or hydrophobidty. 

Accordingly, the present invention extends to homologs, analogs and derivatives of the 
synthetic genes described herein. 

15 For the present purpose, '*homologs" of a gene as hereinbefore defined or of a nucleotide 
sequence shall be taken to refer to an isolated nucleic acid molecule which is substantially 
the same as the nucleic acid molecule of the present invention or its conqplementary 
nucleotide sequence, notwithstanding the occurrence within said sequence of one or more 
nucleotide substitutions, insertions, deletions, or rearrangements. 

20 

"Analogs" of a gene as hereinbefore defined or of a nucleotide sequence set forth herein 
shall be taken to refer to an isolated nucleic acid molecule which is substantially the same 
as a nucleic add molecule of the present invention or its complementary nucleotide 
sequence, notwithstanding the occurrence of any non-nucleotide constituents not normally 
25 present in said isolated nucleic add molecule, for ©candle, carbohydrates, radiodiemicals 
including radionucleotides, reporter molecules such as but not limited to DIG, alkaline 
phosphatase or horsmdish peroxidase, amongst others. 

••Derivatives" of a gene as hereinbefore defined or of a nucleotide sequence set forth herein 
30 shall be taken to refer to any isolated nucleic add molecule whidi contains significant 
sequence similarity to said sequence or a part thereof 
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Accordingly, the structural gene component of the synthetic gene may conq)rise a 
nucleotide sequence which is at least about 80% identical or homolo^us to at least about 
30 contiguous nucleotides of an endogenous target gene, a foreign target g^e or a viral 
5 target gene present in an animal cell or a homologue, analogue, derivative thereof or a 
complementary sequence ttiereto. 

The genetic construct of the present invention generally but not exclusively con^nises a 
nucleotide sequence, such as in the form of a synthetic gene, operably linked to a promoter 

10 sequence. Other con^onents of the genetic construct include but are not limited to 
regulatory regions, transcriptional start or modifying sites and one or more genes encoding 
a reporter molecule. Further components able to be included on the genetic construct 
extend to viral components such as viral DNA polymerase and/or RNA polymerase. Non- 
viral components include RNA-dependent RNA polymerase. The structural portion of the 

15 synthetic gene may or may not contain a translational start site or 5'- and 3 '-untranslated 
regions, and may or may not encode the full length protein produced by the corresponding 
endogenous mammalian gene. 

Another aspect of the present invention provides a genetic construct comprising a 
20 nucleotide sequence substantially homologous to a nucleotide sequence in the genome of a 
mammalian cell, said first-mentioned nucleotide sequence opaably linked to a promoter, 
said genetic construct optionally further comprising one or more regulatory sequences 
and/or a gene sequence encoding a reporter molecule wherein upon introduction of said 
genetic constmct into an animal cell, the rapression of the endogenous nucleotide 
25 sequences having homology to the nucleotide sequence on the genetic construct is 
inhibited, reduced or otherwise down-regulated via a process comprising post- 
transcriptional modulation. 

Reference herein to a "promoter*' is to be taken in its broadest context and includes the 
30 transcriptional regulatory sequences of a classical genomic gene, including the TATA box 
which is required for accurate transmption initiation in eukaryotic cells, witti or without a 
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CCAAT box sequence and additional regulatoiy elements (i.e. ijpstream activating 
sequences, enhancers and silencers). 

A promoter is usually, but not necessarily, positioned iq>stream or 5', of ttie structural gene 
5 component of the synthetic gene of the invention, the expression of which it regulates. 
Furthermore, the regulatory elements comprising a promoter are usually positioned within 
2 kb of the start site of transcription of the structural gene. 

Idl the present context, the term **promotCT" is also used to describe a synthetic or fiision 
10 molecule or draivative which confers, activates or enhances expression of an isolated 
nucleic acid molecule in a mammalian cell. Another or the same promotor may also be 
required to function in plant, animal, insect, fungal, yeast or bacterial cells. Preferred 
proinoters may contain additional copies of one or more specific regulatory elCTients to 
further enhance expression of a structural gene, which in tum regulates and/or alters the 
15 spatial expression and/or temporal expression of the gene. For example, regulatory 
elements which confer inducibility on the expression of the structural gene may be placed 
adjacent to a heterologous promoter sequence driving expression of a nucleic acid 
molecule. 

20 Placing a structural gene under the regulatory control of a promoter sequence means 
positioning said molecule such that expression is controlled by the promoter sequence. 
Promoters are generally positioned 5* (upstream) to flie genes that they contcoL In the 
construction of heterologous promoter/stractural gene combinations, it is generally 
preferred to position the promoter at a distance from the gene transcription start site that is 

25 approximately die same as the distance between that promoter and the gene it conliols in 
its natural setting, i.e. the gene fiom which the promoter is derived. As is known in the art, 
some variation in this distance can be accommodated without loss of promoter fimctiorL 
Similarly, the preferred positioning of a regulatory sequence element with respect to a 
heterologous gene to be placed under its control is defined by the positioning of the 

30 element in its natural setting, i.e. the genes fiom which it is derived. Again, as is known in 
the art, some variation in this distance can also occur. 
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The promoter may regulate the expression of the structural gene component constitutively, 
or differentially with respect to the cell, tissue or organ in which expression occurs, or with 
respect to the developmental stage at which expression occurs, or in response to stimuli 
5 such as physiological stresses, regulatory proteins, hormones, pathogens or metal ions, 
amongst others. 

Preferably, the promoter is capable of regulating expression of a nucleic acid molecule in a 
mammalian cell, at least during tiie period of time over which flie target gene is expressed 
10 therein and more preferably also immediately preceding the commencement of detectable 
expression of ttie target gene in said cell. Promoters may be constitutive, inducible or 
developmentally regulated. 

In the present context, the terais •in operable connection witti" or **operably under the 
15 control" or similar shall be taken to indicate that expression of the structural gene is under 
the control of the promoter sequence with which it is spatially connected in a cell 

The genetic construct of the present invention may also comprise multiple nucleotide 
sequences each optionally operably linked to one or more promoters and each directed to a 
20 target gene within the animal cell. 

A multiple nucleotide sequence may comprise a tandem repeat or concatemer of two or 
more identical nucleotide sequences or alternatively, a tandem array or concatemer of non- 
identical nucleotide sequences, the only requirement being that each of the nucleotide 

25 sequences contained therein is substantially identical to the target gene sequence or a 
complanentary sequence thereto. In tiiis regard, those skilled m the art will be aware that a 
cDNA molecule may also be regarded as a multiiple stmctural gene sequence in the context 
of the present invention, insofar as it comprises a tandem array or concatemer of exon 
sequences derived ftom a genomic target gene. Accordingly, cDNA molecules and any 

30 tandem array, tandem repeat or concatemer of exon sequences and/or intron sequences 
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and/or 5* -untranslated and/or 3' -untranslated sequences are clearly encompassed by this 
embodiment of the invention. 

Preferably, the multiple nucleotide sequences comprise at least 2-8 individual structural 
5 gene sequences, more preferably at least about 2-6 individual structural gene sequences 
and more preferably at least about 2-4 individual structural gene sequences. 

The optimum number of structural gene sequences which may be involved in the synflietic 
gene of the present invention will vary considerably, depending xxpon the length of eadi of 

10 said structural gene sequences, tihek orientation and degree of identity to each other. For 
example, those skilled in the art will be aware of the inherent instability of palindromic 
nucleotide sequences in vivo and the difficulties associated with constnicting long 
synthetic genes comprising inverted repeated nucleotide sequences, because of the 
tendency for such sequences to form haiipm loops and to recombine in vivo. 

15 Notwithstanding such difficulties, the optimum number of structural gene sequences to be 
included in the synthetic genes of the present invention may be detennined empirically by 
those skilled in the art, without any undue expOTmentation and by following standard 
procedures such as the construction of the synthetic gene of the invention using 
recombinase-deficient cell hues, reducing the number of repeated sequences to a level 

20 which eliminates or mininuzes recombination events and by keeping the total length of the 
multiple structural gene sequence to an acceptable limit, preferably no more than 5-10 kb, 
more prefOTbly no more flian 2-5 kb and even more preferably no more than 0.5-2.0 kb in 
length. 

25 In one embodiment, the effect of flie genetic contruct including synthetic gene comprising 
the sense nucleotide sequence is to reduce translation of transcript to proteinaceous product 
while not substantially reducing the level of transcription of the target gene. Alternatively 
or in addition to, the genetic construct including synthetic gene does not result in a 
substantial reduction in steady state levels of total RNA. 

30 
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AccordiBgly, a particularly preferred embodiment of the present invention provides a 
genetic constmct comprising:- 

(i) a nucleotide sequence substantially identical to a target endogenous sequence of 
S nucleotides in &e genome of a vertebrate animal cell; 

(ii) a nucleotide sequence substantiaUy conq)lementaiy to said target endogenous 
nucleotide sequence defined in (i); 

10 (iii) an intron nucleotide sequence scanning said nucleotide sequence of (i) and (ii); 

wherein upon introduction of said construct to said animal cell, an KNA transcrq>t 
resulting from transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product and 
15 wherein there is substantially no reduction in the level of transcription of said gene 
comprising the endogenous target sequence and/or total level of RNA transcribed from 
said gene comprising said endogenous target sequence of nucleotides is not substantially 
reduced. 

20 Preferably, the animal cell is a manmialian cell such as but not limited to a human or 
murine animal cell. 

The present invention further extends to a genetically modified vertebrate animal cell 
characterized in that said cell:- 

25 

(i) coixq)rises a sense copy of a target endogenous nucleotide sequence introduced 
into said cell or a parent cell thereof; and 

(ii) conqmses substantially no proteinaceous product mcoded by a gene comprising 
30 said endogenous target nucleotide sequence conq>ared to a non-genetically 

modified form of same cell. 
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The vertebrate animal cell according to this embodiment is preferably from a mammal, 
avian species, fish or reptile. More preferably, the animal cell is of m a mm a li an origin such 
as from a human, primate, livestock animal or laboratory test animal. Particularly piefened 
5 aniinal cells are from human and murine species. 

The nucleotide sequence conq>rising the sense copy of the target endogenous nucleotide 
sequence may further comprise a nucleotide sequence complementary to said taiget 
sequence. PrefCTably, the identical a^d conq)Iementary sequences are separated by an 
10 intron sequence such as, for example, from a gene encoding jS-globin (e.g. human ^globin 
intron 2). 

Furthermore, in one embodiment, there is substantially no reduction in levels of steady 
state total RNA as a result of tiie introduction of a nucleotide sequence conqxrising the 
1 5 sense copy of the target sequence. 

Accordingly, the present invention provides a genetically modified vertebrate animal cell 
characterized in that said cell> 

20 (i) comprises a sense copy of a target endogenous nucleotide sequence introduced into 
said cell or a parent cell thereof; 

(ii) comprises substantially no proteinaceous product encoded by a gene comprising 
said endogenous target nucleotide sequence compared to a non-genetically 

2S modified form of same cell; and 

(iii) comprises substantially no reduction in the levels of steady state total RNA relative 
to a non-genetically modified fonn of the same cell. 
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The present invention further extends to transgenic including genetically modified animal 
cells and cell lines which exhibit a modified phenotype characterized by a post- 
transcriptionally modulated genetic sequence. 

5 Accordingly, another aspect of flie present invention is directed to a animal cell in isolated 
form or maintained under in vitro culture conditions or an animal conqnising said cells 
whetein the cell or its animal host exhibits at least one altered phenotype compared to tiie 
cell or an animal prior to genetic manipulation, said genetic manipulation conQ>rising 
introducing to an animal cell a genetic construct comprising a nucleotide sequence having 

10 substantial homology to a target nucleotide sequence within the genome of said animal cell 
and wherein the expression of said target nucleotide sequence is modulated at the post- 
transcriptional level. 

Preferably, the nucleotide sequence on the genetic construct is operably linked to a 
15 promoter. 

Optionally, the genetic construct may comprise two or more nucleotide sequences, each 
operably linked to one or more promoters and each having homology to an endogenous 
mammalian nucleotide sequence. 

20 

The present invention extends to a genetically modified animal such as a mammal 
comprising one or more cells in which an endogenous gene is substantially transcribed but 
not translated resulting in a modifying phenotype relative to the animal or cells of the 
animal prior to genetic manipulation. 

25 

Another aspect of the present invention provides a genetically modified murine animal 
comprising a nucleotide sequence substantially identical to a target endogmous sequence 
of nucleotides in the genome of a cell of said murine animal wherein an KNA transcript 
resulting fiom transcription of a gene comprising said endogenous target sequence of 
30 nucleotides exhibits an altered capacity for translation into a proteinaceous product 
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Piefetred murine animals are mice and are usefiil inter alia as e3q)erimeatal animal models 
to test tiieF^)eutic protocols and to screen for tfaen^eutic agents. 

In a prefeired embodiment, the genetically modified murine animal fiitflier conqirises a 
5 sequence complementary to the target endogenous sequence. GoiBraUy, the identical and 
complementary sequoices may be separated by an intron sequence as stated above. 

The present invention furflier contemplates a method of altering the phenotype of a 
vertebrate animal cell wherein said phenotype is confened or otherwise fecilitated by the 

10 expression of an endogenous gene, said method con^rising inttoducmg a genetic construct 
into said cell or a parent of said cell wherein the genetic construct conqnises a nucleotide 
sequence substantially identical to a nucleotide sequence comprising said endogenous gene 
or part thereof and wherein a transcript exhibits an altered cq)acity for translation into a 
pioteinaceous product iXimpsKd to a cell without having had the genetic constnict 

15 introduced. 

Reference herein to homology includes substantial homology and in particular substantial 
nucleotide similarity and more preferably nucleotide identity. 

20 The tram "similarity" as used herem includes exact identity between compared sequences 
at the nucleotide level. Where there is non-identity at the nucleotide level, "similarity" 
includes differences between sequences which result in difBsrent amino adds that are 
neverttieless related to each other at the stnictuial, fimctional, biochemical and/or 
conformational levels. In a particularly preferred embodiment, nucleotide sequence 

25 comparisons are made at the level of identity rather ttian similarity. 

Terms used to describe sequence relationships between two or more polynucleotides 
include "reference sequence", "comparison window", "sequence similarity^, "sequence 
identity", "percentage of sequence similarity", "percentage of sequence identity", 
30 "substantially similar" and "substantial identity". A "reference sequence" is at least 12 but 
frequently 15 to 18 and often at least 25 or above, such as 30 monomer units, inclusive of 
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nucleotides, in length. Because two polynucleotides may each comprise (1) a sequence (i.e. 
only a portion of the complete polynucleotide sequence) tiiat is similar between the two 
polynucleotides, and (2) a sequence that is divergent between the two polynucleotides, 
sequence comparisons between two (or more) polynucleotides are typically performed by 

5 comparing sequences of flie two polynucleotides over a "compaiison window** to identify 
and compare local regions of sequence similarity. A "con5)arison window" refers to a 
conceptual segment of typically 12 contigaous residues that is compared to a reference 
sequence. The comparison window may con^rise additions or deletions (i.e. gsps) of 
about 20% or less as compared to the reference sequence (which does not comprise 

10 additions or deletions) for optimal alignment of tibe two sequences. Optimal aligmnent of 
sequences for aligning a comparison window may be conducted by cQroputeiized 
implementations of algorithms (GAP, BESTFTT, FASTA, and IPASTA in ttie Wisconsin 
Genetics Software Package Release 7.0, Genetics Computer Group, 575 Science Drive 
Madison, WI, USA) or by inspection and the best alignment (i.e. resulting in the highest 

15 percentage homology over the comparison window) generated by any of the various 
methods selected Reference also may be made to the BLAST family of programs as, for 
example, disclosed by Altschul et aL (1997). A detailed discussion of sequence analysis 
can be found in Unit 19.3 of Ausubel et al (1998). 

20 The terms "sequence similarity" and "sequence identity" as used herein refer to the extent 
that sequences are identical or functionally or structurally similar on a nucleotide-by- 
nucleotide basis over a wmdow of comparison. Thus, a **percentage of sequrace identity*', 
for example, is calculated by comparing two optimally aligned sequences over the window 
of comparison, determining the number of positions at which the identical nucleic acid 

25 base (e.g. A, T, C, G, J) occurs in both sequences to yield the number of matched positions, 
dividing the number of matched positions by the total number of positions in the window 
of comparison (i.e, the window size), and multiplying flie result by 100 to yield the 
percmtage of sequence identity. For the purposes of the present invention, "sequence 
identity* will be understood to mean the '^match percentage" calculated by the DKASIS 

30 computer program (Version 2.5 for windows; available from Hitachi Software engineeEing 
Co., Ltd., Soufli San Francisco, California, USA) using standard defaults as used in fihe 
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reference manual accompanying the software. Similar comments apply in relation to 
sequence similarity. 

The present invention is further directed to Ae use of gmetic constnict comprismg a 
5 sequence of nucleotides substantially identical to a target endogenous sequence of 
nucleotides in the genome of a vertebrate animal cell in the generation of an animal cell 
wherein an RNA transcript resulting from transcription of a gene comprising said 
endogCTOus target sequence of nucleotides exhibits an altered capacity for translation into 
a proteinaceous product. 

10 

Preferably, the vertebrate animal cell is as defined above and is most preferably a human 
or murine species. 

The construct may further comprise a nucleotide sequence complemratary to said target 
15 endogenous nucleotide sequence and the nucleotide sequences identical and 
complementary to said target endogenous nucleotide sequences may be separated by an 
intron sequence as described above. 

In one embodiment, there is no reduction m the level of transcription of said gene 
20 comprising the endogenous target sequence and/or steady st^te levels of total RNA are not 
substantially reduced. 

Still a furflier aspect of the present invention contemplates a method of genetic iherapy in a 
vertebrate animal, said method comprising introducmg into cells of said animal comprising 
25 a sequence of nucleotides substantially identical to a target endogenous sequence of 
nucleotides in tiie genome of said animal cells such that vpon introduction of said 
nucleotide sequence, RNA transcript resulting from transcription of a gene comprising said 
endogenous target sequence of nucleotides exhibits an altered capacity for translation into 
a proteinaceous product 

30 



wo 01/70949 



PCT/AUOl/00297 



-28- 

Reference herein to "genetic therapy*' includes gene therapy. The genetic tterapy 
contemplated by the present mvention further includes somatic gene ttierapy whereby cells 
are removed, genetically modified and then rq)laced into an individual. 

5 Preferably, the animal is a human. 

The present invention is further described by the following non-limiting Exanq)les. 
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EXAMPLEl 
Tissue culture manipulaiions 

To generate GFP expressing cell lines, PK-l cells (derived fixrai porcine kidney epithelial 
5 cells) were transformed witii a construct designed to express OTP, namely pEGFP-Nl 
(Clontech Catalogue No.: 6085-1; refer to Figure 1). 

PK-l cells were grown as adherent monolayers using DuIbecco*s Modified Eagjle's 
Medium (DMEM; Life Technologies), si^jplemented with 10% v/v Fetal Bovine Serum 

10 (FBS; TRACE Biosciences or Life Technologies). Cells were always grown in iacubators 
at ST^'C in an atmosphere containing 5% v/v CO2. Cells were grown in a variety of tissue 
culture vessels, depending on experimental requirements. The vessels used were: 96-well 
tissue culture plates (vessels containing 96 separate tissue culture weUs each about 0.7 cm 
in diameter, Costar); 48-well tissue culture plates (vessels containmg 48 sq)arate tissue 

15 culture wells, each about 1.2 cm in diameter, Costar); 6-well tissue culture plates (vessels 
containing 6 separate wells, each about 3.8 cm diameter. Nunc); or larger T25 and T75 
culture flasks (Nunc). For cells transformed with pEGFP-Nl, DMEM, 10% (vAr) FBS 
medium was further supplemented with genetecin (Life Technologies); for initial selection 
of transformed cells, 1.5 mg/1 genetecin was used. For routine maintenance of transformed 

20 cells, 1 .0 mg/1 genetecin was used. 

In all instances, medium was changed at 48-72 hr intervals. This was acconq)Ushed by 
removing spent medium, washing the cell monolayers in the tissue culture vessel by 
adding Phosphate Bufifeed Salme (1 x PBS; Sigma) and gently rocking the culture vessel, 
25 removing the 1 x PBS and adding fi:esh medium. The volumes of 1 x PBS used in fliese 
manipulations were typically 100 jil, 400 jil, 1 ml, 2 ml and 5 ml for 96-well, 48-well, 6- 
well, T25 and T75 vessels, respectively. Tissue culture media volumes were typically 200 
^1 for 96-well tissue culture plates, 0.4 ml for 48-well tissue culture plates, 4 ml for 6-well 
tissue culture plates, 1 1 ml for T 25 and 40 ml for T75 tissue culture vessels. 

30 
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During the course of these e3q)eriments, it was frequently necessary to change culture 
vessels. To achieve fliis, monolayers were washed twice witibi 1 x PBS and flxen treated 
with trypsin-EDTA (life Technologies) for 5 min at 37°C Under these conditions cells 
lose adherence and can be resuspended by trituration and transferred to DMEM, 10% v/v 
5 FBS, which stops the action of trypsin-EDTA- The volumes of 1 x PBS for washing and 
Trypsin-EDTA used for suchnianq)ulations were typically 100 fil, 400 jU, 1 ml, 2 ml and 5 
ml for 96-well, 48-well, 6-well, T25 and T75 vessels, respectively. 

In addition, it was sometimes necessary to count the number of resuspended cdls, 
10 especially when biolog^caUy cloning transformed cell lines. To achieve this, cells were 
resiispended in an appropriate volume of DMEM, 10% v/v FBS and an aliquot, typically 
100 \ih was transferred to a haemocytometer (Hawksley) and cell numbers counted 
microscopically. 

1 5 Protocol for Freezing Celts 

During the course of the experiments, it was frequently necessary to store PK-1 cell lines 
for later use. To achieve this, monolayers were washed twice with 1 x PBS and then 
treated with trypsin-EDTA for 5 min at 37**C. The PK-1 cells were resuspended by 

20 trituration and transferred to storage medium consisting of DMEM, 20% v/v BBS and 10% 
v/v dimethylsulfoxide (Sigma). The concentration of PK-1 cells was detemained by 
haemocytometer counting and further diluted to 10^ cells per ml. Aliquots of PK-1 cells 
were transferred to 1.5 ml cryotubes (Nunc). The tubes of PK-1 ceUs were placed m a Cryo 
l^C Freezing Container (Nalgene) containing propan-2-ol (BDH) and cooled slowly to - 

25 70°C. The tubes of PK-1 cells were then stored at -70^C. Reanimation of stored PK-1 ceU 
was achieved by warming the cells to O^^C on ice. The cells were then transferred to a T25 
flask containing DMEM and 20% v/v FBS, and then incubated at 3TC in an atmosphere 
of5%v/vC02. 
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jjst of media components 

(a) Dulbecco 's Mod0ed Ea^ Medium (BMEM) 

Two commercial foimulations of DMEM were used, both obtained ftom life 
Technologies. The first was a Uquid foimulation (Cat no. 11995), the second a powder 
formulation which was prqiared according to tiie manufecturer's specifications (Cat no. 
23700). Both formulations were used in fliese ejqperiments and were considered equivalent 
despite minor modifications. The Uquid formulation (1 1995) was:- 

D-glucose 4,500 mg/1 

Phenol Red 15 mg/1 

Sodium pyruvate 110 mg/1 

L-ArginineHa 84 mg/1 

I^Cystine.2HCl 63 mg/1 

L-Glutamine 584mg/l 

Glydne 30mg/l 

L-HistidineHCLH20 42 mg/1 

L-Isoleucine 105 mg/1 

L-Leucine 105 mg^ 

L-LysineJHCl 146 mg/1 

L-Methionine SOmg/l 

L-Phenylalamne 66 mg/1 

L-Serine 42 mg/1 

L-Thieonine 95 mg/1 

L-Tryptophan 16 mg/l 

L-Tyrosine.2Na.2H2O 104 mg/1 



L-Valine 94 mg/1 



30 
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5 



10 





200 me/1 


Fe(NQ3)3.9 H2O 




KCl 


Ann mir/l 


MgS04 


7/«o/ mgri 


NaCl 


A Ann ma/1 


NaHCOs 




TT T*^\ TT ^\ 

NaH2P04.H20 


10s ma/I 


D-Ca pantothenate 


4mg/l 


Choline chloride 


4mg/l 


Folic Acid 


4mg/l 


i-hiositol 


7.2mg/l 


Niacinamide 


4mg/l 


Riboflavin 


0.4mg/l 


Thiamine HCl 


4mg/l 


PyridoxineHCl 


4mg/l 



When reconstituted the powdered formulation (23700) was identical to the above, except it 
contained HEPES at 4,750 mg sodium pymvate and NaHCOa were omitted and NaCl was 
20 used at 4,750 mgO, not 6,400 mg/L 

(b) OPn-MEM J (registered trademark) Redticed Serum Medium 

This is a connneicial modification of MEM G-ife Technologies Cat. No. 31985), designed 
25 to permit growth of cells in serum firee medium. Such serum free media are commonly 
used in experiments where cadonic lipid transfectants such as GeneP0RTER2 (trademark) 
or LipofectAMINE (trademark) are used, since higher transfection frequencies are 
obtained. 
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(c) Phosphate Buffered Saline fPBS) 

Phosphate buffered saline was jnrqpared from a commercial powder mix (Sigma, Cat No. 
P-3813) accoiding to mami&cturefs instructions. A 1 x PBS solution (pR 7.4) consists of: 

5 

Na2HP04 10 mM 

KH2PO4 1.8 mM 

NaQ 138 mM 

KCl 2.7 mM 

10 

(d) Trypsin-EDTA 

Trypsin-EDTA is commonly used to loosen adherent cells to permit their passage. In these 
experiments a commCTcial preparation (life Technologies, Cat. No. 15400) was used. This 
15 is a 1 0 X stock solution consisting of: 



Trypsin 5g/l 
EDTA.4Na 2 g/1 

NaCl 8.5 g/l 

20 

To prepare working stodcs, this solution was diluted using 9 volumes of 1 x PBS. 



EXAMPLE 2 
Generating stable EGFf -transformed cell lines 

25 

Transformations were performed in 6-well tissue culture vessels. Individual wells were 
seeded with 1 x 10^ PK-1 cells in 2 ml of DMEM, 10% v/v FBS, and incubated until the 
monolayer was 60-90% confluent, typically 24 to 48 hr. 

30 To transform a single plate (6 wells), 12 jig of plasmid pEGFP-Nl and 108 jil of 
GeneP0RTER2 (tradonaik) (Gene Therq>y Systems) were diluted into Opn-MEM I 
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(registered trademaik) medium to obtain a final volume of 6 ml and incubated at loom 
temperature for 45 min. 

The tissue growth medium was removed &om each well and each well was washed witti 1 
5 ml of 1 X PBS as described above. The monolayers were overlayed wifli 1 ml of the 
plasmid DNAyOenePORTER conjugate for each well and incubated at 37°C, 5% vAr CO2 
for 4.5 hr. 

One ml of Opn-MEM I (registered trademark) supplemented with 20% v/v FBS was 
10 added to each well and the vessel incubated for a further 24 hr, at which time cells were 
washed with 1 x PBS and medium was replaced with 2 ml of fresh DMEM including 10% 
v/v FBS. At this stage, monolayers were inspected for transient GFP expression using 
fluorescence microscopy. 

15 Forty-eight hr after transfection the medium was removed, cells washed wit PBS as above 
and 4 ml of fresh DMEM containing 10% v/v FBS supplemoited with 1.5 mg/1 genetedn 
was added to each well; genetedn was included in the medium to select for stably 
transformed cell Unes. The DMEM, 10% v/v FBS, 1.5 mgA genetedn medium was 
changed every 48-72 hr. After 21 days of selection, putatively transformed colonies were 

20 apparent. At this stage, cells were transferred to larger culture vessels for expansion, 
maintenance and biological cloning. 

To remove transformed colonies, cells were treated with trypsin-EDTA as described above 
in Example 1 and transferred to 11 ml of DMEM, 10% v/v FBS, 1.5 mg/l genetedn and 

25 incubated in a T25 culture vessel at 37°C and 5% v/v CO2. When these monolayers were 
about 90% confluent, cells were resuspmded using Trypsin-EDTA, then transferred to 40 
ml DMEM, 10% v/v FBS, 1.5 mgA geneticin Vessels were incubated at 3TC and 5% v/v 
CO2.. When monolayers became confluent, they were passaged every 48-72 hr by tiypsin- 
treating cells as above and diluting one tenth of the cells into 40 ml fresh DMEM, 10% v/v 

30 FBS, 1.5 mg/1 genetecin. At this point, some cells were also frozen for long term 
maintenance. These cultures contamed mixtures of transformed cell lines. 
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EXAMPLES 
Dilution cloning of transformed cell lines 

5 Transformed cells were biologically cloned using a dilution strategy, vfhmiyy colonies 
were established fix)m single cells. To stqipoit growtti of single colonies, "conditioned 
media" were used. Conditioned media were prepared by overlaying 20-30% confluent 
monolayers of PK-1 cells grown in a T75 vessel with 40 ml of DMEM containing 10% v/v 
FBS. Vessels ware incubated at 37°C, 5% v/v CO2 for 24 hr, after vMch flie growth 

10 medivun was transferred to a sterile 50 ml tube (Falcon) and centriftiged at 500 x g. The 
growth medium was passed through a 0.45 jmi filter and decanted to a fresh sterile tube 
and used as "conditioned medium". 

A T75 vessel containing mixed colonies of transformed PK-1 cells at 20-30% confluency 
15 was washed twice with 1 x PBS and cells separated by trypsin treatment as described 
above, then diluted into 10 ml of DMEM, 10% v/v FBS. The cell concentration was 
determined microscopically using a haemocytometer sUde and cells diluted to 10 cells per 
ml in conditioned medium. Single wells of 96-well tissue culture vessels were seeded with 
200 \il of the diluted cells in conditioned medium and cells were incubated at 3TC ^nd 5% 
20 v/v CO2 for 48 hr. Wells wctb inspected microscopically and those containing a single 
colony, arising from a single cell, were defined as clonal cell lines. Hie original 
conditioned medium was removed and rqilaced with 200 jil of fresh conditioned medium 
and cells incubated at 37*^0 and 5% v/v CO2 for 48 hr. After this time, conditioned medium 
was replaced with 200 jil of DMEM, 10% v/v FBS and 1.5 mg/1 genetecin and cells again- 
25 incubated at 3TC and 5% v/v CO2. Colonies were allowed to expand and medium was 
changed every 48 hr. 

When the monolayer in an individual well was about 90% confluent, the cells were washed 
twice with 100 ^il of 1 x PBS and cells loosened by treatment with 20 (il of 1 x PBS/1 x 
30 trypsin-EDTA as described above. CeUs in a single well were transfened to a single well 
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of a 48-well culture vessel containing 500 |il of DMEM, 10% v/v FBS and 1.5 jigM 
genetecia Medium was changed every 48-72 hr as hereinbefore described. 

When a monolayer in an individual well of a 48-well culture vessel was about 90% 
5 confluent, the cells were transferred to 6-well tissue culture vessels using trypsin-EDTA 
treatment as described above. Separated cells were then transferred to 4 ml DMEM, 10% 
v/v FBS, 1.5 jig/ml geneticin and transferred to a single well of a 6-well tissue culture 
vessel. Cells were grown at 3TC and 5% v/v COi and colonies were allowed to expand. 
Medium was changed every 48 hr. 

10 

When monolayers in 6-well culture vessels were about 90% confluent, cells were 
transferred to T25 vessels using trypsin-EDTA as described above. When these 
monolayers were about 90% confluent, cells were transferred to T75 culture vessels, as 
described above. Once individual lines were established in T75 vessels they were either 
1 5 maintained by passaging every 48-72 hr using a one-tenth dilution, or maintained as ftozen 
stocks. 

EXAMPLE 4 
Preparation of nuclei for transcription run-on assays 

20 

To analyze the status of transcription of individual genes in cloned transformed cell lines, 
nuclear run-on assays were performed. A monolayer of cells was established by seeding a 
T75 culture vessel with 4 x 10^ transfonned PK-1 cells into 40 ml of DMEM, 10% v/v 
FBS and incubating cells until the monolayer was about 90% confluent. The monolayers 
25 were washed twice with 5 ml of 1 x PBS, separated by treatment with 2 ml trypsin-EDTA 
and transferred to 2 ml of DMEM including 10% vAr FBS. 

These cells were transferred to a 10 ml capped tube, 3 ml of ice-cold I x PBS was added 
and the contents mixed by inversion. Transfonned PK-1 cells were collected by 
30 centriflxgation at 500 x g for 10 min at 4*^0, the supernatant was discarded and cells were 
resuspended in 3 ml of ice-cold 1 x PBS by gentle vortexing. Total cell numbers were 
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determined using a haemocytometer, a maxiniiim of 2 x 10^ cells was used for subsequent 
analyses. 

Transfomed PK- 1 cells were collected by centrifligatioii at 500 x g for 1 0 min at 4^C and 
5 resuspended in 4 ml Sucrose buffer 1 (0.3 M suorose, 3 mM calcium cUoride, 2 mM 
magnesium acetate, 0.1 mM EDTA, 10 mM Tris-HQ (pH 8.0), 1 mM dithioflirdtol 
(DTT), 0.5% v/v Igepsi CA-630 (Sigma)). Cells were incubated at 4**C for 5 min to allow 
them to lyse then small aliquots were examined by phase-contrast microscopy. Under these 
conditions lysis can be visualized. Homogenates were transferred to 50 ml tubes containing 
10 4 ml of icwx)ld Sucrose buflfer 2 (1.8 M sucrose, 5 mM magnesium acetate, 0.1 mM 
EDTA, 10 mM Tiis-HCl (pH 8.0), 1 mM DTT). 

To obtain efiScient transcription run-on assays, nuclei should be purified from olher 
cellular debris. One method for fliis is to purify nuclei by ultra-centrifugation tbrou^ 
15 sucrose pads. The final concentration of sucrose in a cell homogenate should be sufficient 
to prevent a large build up of debris at the interface between homogenate and the sucrose 
cushion. Therefore, the amount of Sucrose buffer 2 added to the initial cell homogenate 
was varied in some instances. 

20 To prepare a sucrose pad, 4.4 ml ice-cold Sucrose buffer 2 was transferred to a polyallomer 
SW41 tube (Beckman). Nuclear preparations were carefiilly layered over the sucrose pad 
and centrifiiged for 45 min at 30,000 x g (13^00 rpm in SW41 rotor) at 4°C. The 
supernatant was removed and the pelleted nuclei loosened by gentle vortexing for 5 
seconds. Nuclei were resuspended by trituration in 200 ^1 ice cold glycerol storage buffer 

25 (50 mM Tris-HCl (pR 8.3), 40% vAr glycerol, 5 mM magnesium chloride, 0.1 mM EDTA) 
per 5 X 10^ nuclei. One hundred microlitres of tbis suspension (qjproximately 2.5 x 10 
nuclei) was aliquoted into chilled microcentrifuge tubes and 1 jil (40 U) RNasin (Promega) 
was added Usually such extracts were used immediately for transcription run-on assays, 
although they could be fiozen on dry ice and stored at -70**C or m liquid nitrogen for later 

30 use. 
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EXAMPLE 5 
Nuclear transcription run-^n assign 

All NTPs were obtained fiom Roche. Nuclear run-on reactions were initiated by adding 
5 100 \il of 1 mM ATP, 1 mMCTP, 1 xnMGTP, 5 mMDTT and 5 jd (50 jiQ) [a^^P]-UTP 
(GeneWorks) to 100 nl of isolated nuclei, prepared as hereinbefore described. The reaction 
mix was incubated at 30** C for 3 0 min with shaking and terminated by adding 400 nl of 4 
M guanidine thiocyanate, 25 mM sodium citrate (pH 7-0), 100 mM 2-mercaptoethanol and 
0.5% v/v N-lauryl sarcosine (Solution D). To purify mi vitro synthesized RNAs, 60 nl 2 M 
10 sodium acetate (pH 4.0) and 600 \il water-saturated phenol was added and the mixture 
vortexed; an additional 120 jil chloroform/isoamylalcohol (49:1) was added, the mixture 
vortexed and phases separated by centrifugatiorL 

The aqueous phase was decanted to a fresh tube and 20 jig tElNA added as acairier. RNA 
15 was precipitated by the addition of 650 \i\ isopropanol and incubation at -20X for 10 miit 
RNA was collected by centrifugation at 12,000 rpm at 4°C for 20 min and the pellet was 
rinsed with cold 70% v/v ethanol. The pellet was dissolved in 30 |il of TE pH 7.3 (10 mM 
Tris-HCl, 1 mM EDTA) and vortexed to resuspend the pellet. 400 jil of Solution D was 
added and the mixture vortexed. The RNA was precipitated by the addition of 430 jil of 
20 . isopropanol, incubation at -20**C for 10 mins and centrifiiged at 10,000 g for 20 mins at 
4*^0. The s\q)eniatant was removed and the RNA pellet washed with 70% v/v ethanol. The 
pellet was resuspended in 200 jil of 10 mM Tris (pH 7.3), 1 mM EDTA and incorporation 
estimated with a hand-held geiger counter. 

25 To prq)are the radioactive RNAs for hybridization, samples were precipitated by adding 
20 jil 3 M sodium acetate pH 5.2, 500 \i\ ethanol and collected by centrifugation at 12,000 
X g and 4^C for 20 min. The supernatant was removed and the pellet resuspmded in L5 ml 
of hybridization buffer (MRC #HS 1 14F, Molecular Research Centre Inc.). 
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EXAMPLE6 
Dot blot filter pr^aradon 

Dot blot filters were prepared for flie detection of ^^P-labeUed nascent mKNA ttanscripts 
5 prepared as hereinbefore described. A Hybond NX filter (Amersham) was prepared for 
each PK-1 cell line analyzed. Each filter diat was prepared contained four plasmids at four 
successive one-fiffli dilutions. The plasmids were pBhiescript (registered trademark) n 
SK* (Stratagene), pGBM.Actin O^epartment of Microbiology and Parasitology, University 
of Queensland), pCMV.Galt, and pBluescriptECTP. 

10 

The plasmid pCMV.Galt was constructed by rqiladng the EGFP open reading frame of 
pEGFP-Nl (Clontech) with the porcine a-l,3-galactos^transf«ase (GaTT) structural gene 
sequence. Plasmid pEGFP-Nl was digested with PinAL and Not I, blunted-ended using 
Pfu\ polymerase and then re-ligated creating the plasmid pCMV.cass. The GalT structural 
15 gene was excised from pCDNA3.GalT (Bresagen) as an EcoRI fragment and Hgated mto 
ih& EcoBI site of pCMV.cass. 

The plasmid pBluescriptEGFP was constracted by excising the EGFP open reading frame 
of pEGFP-Nl and ligating this fragment into the plasmid pBluescript (registered 
20 trademark) n SK*. Plasmid pEGEP-Nl was digested with Nod and Xhol and the fragment 
JVo/I-EGFP-Jtto was then Ugated into the Nod mi Xhol sites of pBluescript II SK^. 

Ten micrograms of plasmid DNA for each constract was digested in a volume of 200 \il 
with the EcdKL The mixture was extracted wifli phenol/diloioform/isoamylalcohol 
25 followed by chloroform/isoamyUilcohol extracted, then eflianol precipated The plasmid 
DNA peUet was suspended m 500 jil of 6 x SSC (0.9 M Sodium Chloride, 90 mM Sodium 
atrate; pH 7.0) and then diluted in 6 x SSC at concentrations of 1 fig/50 (il, 200 ng/SO ^ 
40 ng/50 jil and 8 ng/50 pi. The plasmids was heated to 100°C for 10 min and thm cooled 
on ice. 

30 
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An 8 X 11.5 cm piece of Hybond NX filter was soaked in 6 x SSC for 30 min. The filter 
was then placed into a 96-well (3nmi) dot-blot apparatus (life Technologies) and vacuum 
locked. Five hundred miaolitres of 6 x SSC was loaded per slot and flie vacuum appUed. 
While TP^titaining the vacuum, 50 ^l of each plasmid DNA concentration for each plasmid 
5 was loaded onto tiie filter as a 4 x 4 mialiix. This was iq)licated six times araoss flie filter. 
While mninfainitig the vacuum, 250 ill of 6 x SSC was loaded per slot. The vacuum was 
tiien released. The filter was placed (DNA side up) for 10 min on blotting paper soaked in 
denaturing solution (1.5 M Sodium Chloride, 0.5 M Sodium Hydroxide). The filter was 
then transferred to blotting paper soaked in neuhaliang solution and soaked for 5 min in 1 
10 M sodium chloride, 0.5 MTris-Ha(pH 7.0). 

The filter was placed in a GS Gene Linker (Bio Rad) and 150 mJoules of energy appUed to 
cross-link the plasmid DNA to the filter. The filter was rinsed in sterile water. To check the 
success of the blotting procedure, the filter was stained with 0.4% v/v methylene bhie in 
15 300 mM sodium acetate (pH 5.2) for 5 min. The filter was rinsed twice in sterile water and 
then de-stained in 40% v/v eflianol. The filter was then rinsed in sterile water to remove die 
ethanol and cut into its six individual rqjlicates of tiie four-plasmid/concentration matrix. 

EXAMPLE? 

20 Filter Hybridization ofNudear Transcripts 

Dot blot or Southern blot filters were transfeired to a 10 ml MacCartoey botde and 2 ml of 
prehybridization solution (Molecular Research Centre Inc. # WP 1 17) added to each botde. 
FUters were incubated at 42»C overnight in an incubation oven with slow rotation 
25 (Hybai^. 

The prehybridization buffer was removed and rq)laced with 1.5 ml of hybridization buffer 
(MRC #HS 114F, Molecular Research Centre hic.) containing '^P-labelled nascent RNA, 
as described in Examples 5 and 6, and this probe was hybridized to the filters at 42^ for 
30 48 hr. 
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FoUowing hybridization, the ladioactively-labelled hybridization buffer was ranoved and 
the filters washed in washing solution (MRC #WP 117). FUters were washed in a total of 5 
changes of wash solution, each change being 2 ml. The washes were performed in the 
hybridization ovem; flie first three washes were at 30*C, the last two washes at SO'C. 

5 

To fuitijer increase stringency and reduce background, filters were treated wifli RNase A. 
Filters were placed into 5 ml 10 jig/ml KNase A (Sigma), 10 mM Tris (pH 7.5), 50 mM 
NaCl and incubated at 37**C for 5 min. 

10 FiltCTS were then wngiped in plastic wrsp and ejqwsed to X-ray fihn. 

EXAMPLES 
Co-suppression in mammalian ceBstEGFP 

15 Six FK-1 cell lines have tiius fer been examined. These six lines consist of one 
untransfoimed control line (wild type) and five lines transformed with the construct 
pCMV.EGFP (refer to Exanq)le 1). Two of these five lines are positive for EGFP 
expression as visualized by microscopic examination under UV light All cells of the 
monolayer from line A4g are EGFP positive, while ^proximately 0.1% of flie monolayer 

20 cells for line A7g are EGFP positive. The remaining lines C3, C8, and CIO are visually 
negative for EGFP expression. 

Nuclear transcription run-on assays were performed as described in Examples 4 to 7, 
above. In filter hybridization analysis of the labeUed products the inclusion of the four 
25 plasmids at four concaitrations serves two purposes. The four concentrations specifically 
indicate the minimum concentration of target plasmid required to detect the target mRN A 
transcript. The four plasmids serve as specific targets and controls for the e3q)erimenL The 
plasmids serve Has fi)llowinjg fimctions. 
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pBluescriptnSE^ 

This plasmid is to check for non-specific hybridization of synthesized nuclear RNA to the 
plasmid backbone common to all the target constiucts used. 

5 pBluescriptEGFP 

This plasmid is flie target of ^^P-labelled nuclear EGFP RNA. Hybridization to this 
plasmid indicates active transaiption of EGFP RNA. This was evident in lines A4g, A7g, 
C3 and C8, but not evident in line CIO. 

10 

pCMV.GalT 

GalT (a-l,3-galactosidyl transferase) is an endogenous porcine gene. This plasmid flius 
serves as a positive control target for an endogenous porcine gene. 

15 

pGem^ctin 

P-actin is a ubiquitous gene of eukaryotes and a common mRNA species. This plasmid, 
containing a chicken p-actin cDNA sequence, serves as an additional positive control. 

20 

The following conclusions can be drawn from the results of these experiments: 

Non-specific hybridization to the plasmid backbone of these constructs did not 
occur. Hybridization to the GalT positive control did not occur for all lines, in 
agreement with expectation smce the mRNA of this gene is not abundant 



(1) 

25 



Hybridization to the p-actin gene positive control occuired for all lines in 
agreement with expectation, given tiie mRNA of this gene is abundant 
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Hybridizadon to the EGFP gene by nasceait RNA for the lines A4g and A7g 
was as expected based on visual observations of EGFP expression in these 
lines. 

Hybridization to the EGFP gene by nascent RNA for silenced lines C3 and C8 
is indicative of co-suppression of EGFP transcripts under normal growth 
conditions for these lines. 

Co-suppression activity in line CIO has not been demonstrated in ttiis 
experiment. 

Table 1 summarizes the expected outcome and the obsCTved outcomes for the 
hybridization of ^^P-labeUed nuclear KNA to the aforementioned plasmids. Table 1 also 
indicates the minimum concentration of target plasmid DNA for which hybridization of the 
1 5 specific nuclear KNA was onserved. 



TABLE 1 



. C cU . 
Line. 


EGBT! 
:Ezpress 


Target 
• Amount 


pBiuescriptn :*: 
SK^ 


pCMV.GalT 


pBluescriptIL:% 

•^.EiSFP*' 


pGemActin • 


r-Exp 


Obs 


Exp. 


Obs 


• ...Exp.' ■ 


: Obs : . 


Exp 


Obs 


FK 


No 




Nil 


Nil 


Hyb'n 


Hyb'n 


Nfl 


Nfl 


Hyb'n 


Hyb'n 


A4g 


Yes 




Nfl 


NO 


Hyb*ii 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


A7g 


Yes 


iMg 


Nil 


Nil 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


03 


No 


>200ng 


Nil 


NO 




Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 




No 


1 K 


Nil 


NO 


Hyb'n 


Nil 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


CIO 


No 


l^g 


Nil 


NO 


Hyb'n 


Nfl 


Hyb'n 


Nfl 


Hyb'n 


Hyb'n 



20 EGFP Express - EGFP Expression 
Exp = Expected result for PTGS 
Obs = Observed result 
Hyb'n = hybridization 



(3) 



5 (4) 



(5) 



10 
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EXAMPLE 9 
Ohsuppression of genes 

5 The inventors demonstrate co-suppression of a transgene, enhanced green fluorescent 
protein (EGEP), in cultured porcine kidney cells. The inventors further demonstrate co- 
suppression of abroad range of endogenous genes in different cell types and agents such as 
viruses, cancers and transplantation antigen. Particular targets include: 

10 (a) Bovine enterovirus (BEV), Frozen lines of BEV-transfonned cells are revived 

and grown througji many generations over several weeks/months before being 
challenged with BEV. Cells that are effectively co-siqipressed are not killed by 
aie virus immediately. This viral-tolerant phenotype provides a danonstration 
ofutiUty. 

15 

(b) Tyrosinase, the product of a gene essential for melanin (black) pigment 

formation in skin. Silencing of the tyrosinase gene is readily detected in 
cultured mouse melanocytes and subsequently in black strains of mice. 

20 (c) Galactosyl transferase (GalT). Silencing of the GalT gene occurs in parallel 

with cell death although! GalT itself is not essential to cell survival. The 
inventors assume that cell death occurs because GalT is one member of a gene 
femily, where members of the family share a similar DNA sequence(s), 
reflecting similarity of function (transfer of sugar residues). Some of tiiese 

25 genes may be essential to cell survival. The inventors transform pig cells with 

3' untranslated region (3'-UTR) of the GalT gene, rattier than the entire gene, to 
target segments that are unique to GalT for degradation, and hence silence GalT 
alone. 

30 (d) Thymidine kinase (TK) converts thymidine to thymidine monophosphate 

(TMP). The drug 5-bromo-2'-deoxyuridine (BrdU) selects cells tiiat have lost 
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TK. In cells with functioning TK, the enzyme converts flie drug analogue to its 
corresponding 5 '-monophosphate, whidi is lethal once it is incorporated into 
DNA, NIH/3T3 cells are transformed with a construct comprising the TK gene. 
Cells ttiat are effectively co-suppressed will tolraate the addition of BrdU to the 
5 growth medium and will continue to leplicate. 

(e) A cellular oncogene such as HER-2 or Bm-2, associated with transformation of 

normal cells into cancer cells. 

10 (f) A cell surface antigen on a human and/or mouse ha^qpoietic (*T)lood- 

forming") cell line. These cells are the precursors of white blood cells, 
responsible for immunity; they are characterized by specific surface antigens 
which are essential to their immune function. A particular advantage of this 
system is that the cells grow in suspension (rather than being attached to the 

15 culture vessel and to each other) so are easily examined by microscope and 

quantified by fluorescence activated cell sorting (FACS). In addition, a vast 
range of reagents is available for identifying specific antigens. 

(g) Tyrosinase, tiie product essential for melanin (black) pigment production in 

20 melanocytes in mice. In transgenic mice, inactivation of the endogenous 

tyrosinase can be readily detected as a change in coat colour of animals in 
strains that normally produce melanin. Such a phenotype provides 
demonstration of utility in transgenic animals. 

25 (h) Galactosyl transferase (GalT) catalyses the addition of galactosyl residues to 

cell surfece protems. Inactivation of GalT in transgenic mice can be readily 
detected by assaying tissues of transgenic animals for loss of galactosyl 
residues and provides demonstration of utility in transgenic animals. 



30 (i) 



YB-1 (Y-box DNA/RNA-binding factor 1) is a transcription factor that bmds, 
inter alia, to flie promoter region of flie p53 gene and in so doing represses its 
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expression- In cancer cells that express normal p53 protein at normal levels 
(some 50% of all human cancers), the expression of p53 is undff flie control of 
YB-1, such that silencing of YB-1 results in increased levels of p53 protein and 
consequent apoptosis. 

5 

EXAMPLE 10 
Generic techniques 

i. Tissue culture manipulations 

10 

(a ) Adherent cell lines 

Adherent cell monolayers were grown, maintained and counted as described in Example 1. 
Growth medium consisted of eitiier DMEM supplemented with 10% v/v FBS or KPMI 
15 1640 Medium (Life Technolo^es) supplemented with 10% v/v FBS. Cells were ahvays 
grown in incubators at 37**C in an atmosphere containing 5% v/v CO2. 

During the course of these experiments it was frequently necessary to passage the cell 
monolayer. To achieve this, the monolayers were washed twice with 1 x PBS and then 

20 treated with trypsin-EDTA for 5 min at The volumes of trypsin-EDTA used for such 
manipulations were typicaUy 20 jil, 1 00 ^1, 500 jil, 1 ml and 2 ml for 96 well, 48 well, 6 
well, T25 and T75 vessels, respectively. The action of the trypsm-EDTA was stopped witti 
an equal volume of growth medium. The cells were suspended by trituration, A 1/5 volume 
of the cell suspension was then transferred to a new vessel containing growfli medium. 

25 Tissue culture medium volumes were typically 192 ^1 for 96-well tissue culture plates, 360 
Hl for 48-well tissue culture plates, 3.8 ml for 6-well tissue culture plates, 9.6 inl for T25 
and 39,2 ml for T75 tissue culture vessels. 

Cell suspensions were counted as described in Example 1, above. 

30 
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(b ) Non-adherent cells 

Non-adhereaat cells were grown in growfli medium similarly to adherent cell lines. 

5 As in the case of adherent monolayers, frequent changes of tissue culture vessels were 
necessary. For T25 and T75 vessels, the ceU suspension was removed to 50 ml sterile 
plastic tubes (Falcon) and centrifoged for 5 min at 500 x g and 4'C. The sq)einatant was 
then discarded and the cell pellet suspended in growfli medium. The cell suspension was 
then placed into a new tissue culture vessel. For 96-well, 48-well, and 6-wen vessels, the 

10 vessels were centrifoged for 5 min at 500 x g and 4*C. The supernatant was then aspirated 
away from the ceU peUet and the cells suspended in growth medium. The cells were then 
transferred to a new tissue culture vessel. Tissue culture media volumes were typically 200 
Hl for 9&-weU tissue culture plates, 400 jil for 48-well tissue culture plates, 4 ml for 6-well 
tissue culture plates, 1 1 ml for T25 and 40 ml for T75 tissue culture vessels. 



15 



20 



Passaging the cell suspensions was achieved in flie following manner. Cells were 
centoifoged for 5 min at 500 x g and 4°C and suspended in 5 ml growth medhmi. Then 0.5 
ml (T25) or 1.0 ml (T75) of tiie cell suspension was transferred to a new vessel containing 
growth medium. For cells in 96-well, 48-well, and 6-weU plates, a 1/5 volume of cells was 
transferred to the corresponding weUs of a new vessel containing 4/5 volume of growth 
medium. 



Cells were counted as described for adherent cells. 



25 2. Protocol for freezing cells 

Cells stored for later use were frozen according to the protocol outlined in Example 1, 
above. Adherent monolayers were washed twice with 1 x PBS and then treated with 
trypsin-EDTA (Life Technologies) for 5 min at 37*C. Non-adherent cells were centrifoged 
30 for 5 min at 500 X g and 4''C. The cells were suspended by trituration and transferred to 
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storage medium consisting of DMEM RPMI 1640 supplemented witii 20% v/v FBS and 
10% v/v dimethylsulfbxide (Sigma). 



3. dotting of ceff lines 

5 

Adherent and non-adherent mammalian ceU types were transfected with specific plasmid 
vectors cairying expression constructs to target specific genes of intaesL Stable, 
transformed ceU colonies were selected over a period of 2-3 weeks using cell growth 
medium (either DMEM, 10% v/v FBS or RPMI 1640, 10% v/v FBS) s^jplemented with 
10 geneticin or puromycin. Individual colonies were cloned to establish new transfected cell 
lines. 



(a) Adherent cells 

15 As opposed to the dilution cloning method outlined in Example 3, above, in fiirther 
examples using adheroit cells, individual lines were cloned from discrete colonies as 
follows. First, the medium was removed fiom an individual weU of a 6-weU tissue culture 
vessel and the ceU colonies washed twice with 2 ml of 1 x PBS. Next, individual colonies 
were detached fiom flie plastic culture vessel wifli a sterile plastic pipette tip and moved to 
20 a 96-weU plate containing 200 jd of conditiraied medium (see Bcample 1) siq)plemented 
with either geneticin or puiomycin. The vessel was tiien incubated at 37"*C and 5% v/v 
CO2 for jpproximately 72 hr. Individual wells were microscopically examined for growing 
colonies and the medium replaced with firesh growth medium. When the monolayer of 
each stable line had reached about 90% confluency it was transferred in successive steps as 
25 previously described untQ the stable, transformed line was housed in a T25 tissue culture 
vessel. At this point, aliquots of eadi stable cell line were fix)zen for long term 
maintenance. 



30 



(b) Non-adherent cells 

Non-adherent cells were cloned by the dUution cloning method described in Example 
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4, CdtnuddisolatiottproUtcol 
(a) A<Bierent cells 

5 

A 100 mm Petri dish (Costar) or T75 flask coBtaining 30 ml ofgrowfli medium (DMEM or 
RPMI 1640) including 10% v/v FBS was seeded with 4 x 10* cells and incubated at 37'C 
and 5% v/v CO2 until the monolayer was about 90% confluent (overnight). The Petri dish 
containing the monolayer was placed on a bed of ice and chilled before processing. 
10 Medium was decanted and 8 ml of 1 x PBS (ice cold) was added to the Petri dish, and the 
tissue monolayer washed by genfly rocking the dish. The PBS was again decanted and the 
wash repeated. 

The tissue monolayer was overlaid with 4 ml of ice-cold sucrose buffer A [0.32 M sucrose; 

15 0.1 mM ECyrA; 0.1% v/v Igepal; 1.0 mM DTT; 10 mM Tris-HCl, pH 8.0; O.l mM PMSF; 
1.0 mM EGTA; 1.0 mM Spermidine] and cells lysed by incubating them on ice for 2 min. 
Using a cell scr^, adherent cells were dislodged and a small aUquot of cells examined 
by phase^wntrast microscopy. If ttie cells had not lysed, (hey were transferred to an ice- 
cold dounce homogenizer (Braun) and broken with 5-10 strokes of a tjfpe S pestle. 

20 Additional strokes were sometimes required. <>lk were flienexaininedmi<TOScopically to 
verify that nucld were free from cytoplasmic debris. Ice^jold sucrose buffer B [1.7 M 
sucrose; 5.0 mM magaesium acetate; 0.1 mM EDTA; 1.0 mM DTT. 10 mM Tcis-HCl, pH 
8.0; 0.1 mM PMSF] (4 ml^ was then added to the Petri dish and the buflBsrs mixed by 
gentle stirring with ttie cell server. The final concentration of suarose in cell homogoiates 

25 should be sufficient to prevent a large build-iqi of debris at flie interfece between flie 
homogenate and the sucrose cushion. The amount of sucrose buffer 2 added to cell 
homogenate may need to be adjusted accordingly. 
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(b) Non-adherent cells 

A T75 tissue culture vessel contaiBing 30 ml of growth medium (DMEM or RPMI 1640) 
including 10% v/v FBS was seeded with 4 x 10^ cells and incubated at 3TC and 5% v/v 
5 CO2 ovemi^t 

The contents of flie T75 flask were transfenred to a 50 ml screw-c^ed tube (Falcon), 
which was placed on ice and allowed to chill before processing. The tube was centrifiiged 
at 500 X g for 5 min in a chilled centrifuge to pellet cells. Medium was decanted, 10 ml of 
10 1 X PBS (ice cold) added to the tube and the cells suspended by gentle trituration. The PBS 
was again decanted and the wash repeated. 

Cells were suspended in 4 ml of ice-cold sucrose buffer A and lysed by iucubating on ice 
for 2 min and, optionally, by dounce homogenisadon, as described above for adherent cells 
IS lines. 

(c) Isolation protocol 

Nuclei were isolated fixjm cellular debris by sucrose pad cmtrifiigation, according to the 
20 protocol described in Bxanq)le 4, except that sucrose buffers 1 and 2 were replaced by 
sucrose buffers A and B, respectively. 

5. Nuclear transcription run^n protocol 

25 Example 5 provides the method, by nuclear transcription run-on protocol, for the 
preparation of [a-^^P]-UTP-labelled nascent RNA transcripts for gene-spedfic detection 
by filter hybridization (Examples 6, 7 and 8). To detect gene-specific transcription run-on 
products, an alternative approach to filter hybridization is the ribonuclease protection 
assay. Strand-specific, gene-specific unlabelled RNA probes are prqpared using standard 

30 techniques. These are annealed to ^^P-labelled RNAs isolated from transcription run-on 
experiments. To detect double-stranded RNA, annealing reaction products are treated with 
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a mixture of single strand specific RNases and reaction products are examined using 
PAGE. Techniques for this are well known to those experienced in the ait and are 
described in RPA HI (trademark) handbook 'Ribonuclease Protection Assay* (Catalog #s 
1414, 1415rAinbioniic.). 

5 

An additional mettiod was used for fbs preparation of biotin-labelled nascoit RNA 
transcripts (Patione et al, 2000) for gene specific detection by real-time PGR assays. Intact 
nuclei were isolated fiom adherent and non-adherrait cell types (refisr to Exan^les 12-19, 
below) and stored at -70°C in concentrations of 1 x 10* per ml in gjyceiol storage buffer 
10 [50 mM Tris-HCl, pH 8.3; 40% v/v glycerol, 5 mM MgCU and 0.1 mM EDTA]. 

One hundred microlitres of nuclei (lO'') in glycerol storage buffer was added to 100 ftl of 
ice cold reaction buffer siqjplonented with nucleotides [200 mM KCl, 20 mM Tris-HQ 
pH 8.0, 5 mM MgOz, 4 mM dithiothreitol (DTT), 4 mM each of ATP, GTP and CTP, 200 
15 mM sucrose and 20% v/v glycerol]. Biotin-16-UTP (fiom 10 mM tetralithium salt; Sigma) 
was suppKed to flie mixture, which was incubated for 30 min at 29°C. The reaction was 
stoHjed, the nuclei lysed and digestion of DNA initiated by the addition of 20 (xl of 20 mM 
calcium chloride (Sigma) and 10 (il of 10 mg/ml RNase-fiee DNase I (Roche). The 
mixture was incubated for 10 min at 29°C. 

20 

Isolation of nuclear run-on and total, including cytoplasmic, RNA was pafiraned using 
TRIzol (registered trademark) reagent (life Technologies) as per the manufiicturer*s 
instructions. RNA was suspended in 50 ^1 of RNase-fiee water. Nascent biotin-16-UTP- 
labelled nm-on transcripts are then purified fiom total RNA using strqitavidin beads 
25 (Dynabeads (registered trademaric) kilobaseBlNDER (trademaric) Kit, Dynal) according to 
the manufitcturer's instructions. 

Real-time PGR reactions are performed to quantify gene transcription rates fmm these run- 
on ejqjeriments. Real-time PGR chemisteies are known to those familiar with the art Sets 
30 of oligonucleotide primers are designed whidi are specific for transgmes, endogenous 
genes and ubiquitously-expressed control sequences. Oligonucleotide an^lification and 
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reporter primeis are desigaed using Primer Express software (Peridn Ehner). Relative 
transcript levels are quantified using a Rotor-Gene RG-2000 system (Corbett Research). 

d. Detain ofmBNA 

5 

32 

Ribonuclease protection assay, using the method of annealing unlabelled mKNA to P- 
labelled probes, may be used to detect transcripts of endogenous genes and tiansgenes in 
the cytoplasm. Reaction products are examined usmg PAGE. Steady state levels of RNA 
products of endogenous genes and transgenes are assessed by Norfliem analysis. 

10 

Alternatively, relative mRNA levels are quantified using real-time PGR wifli a Rotor-Gene 
RG-2000 system with amplification and reporter oligonucleotides designed using Primer 
Express software for specific transgenes, endogaious genes and ubiquitously-ejqiressed 
control genes. 

15 

7. Southern bUrt analysis of maaunaUau genomic DNA 

For all subsequent examples, Soutiiem blot analyses of genomic DNA were carried out 
according to the following protocol. A T75 tissue culture vessel containmg 40 ml of 
20 DMEM or RPMI 1640, 10% v/v FBS was seeded with 4 x 10* ceUs and incubated at 3TC 
and 5% v/v CO2 for 24 hr. 

(a) Adherent ceUs 

25 For adherent cells, proceed as fijUows: decant medium and add 5 ml of 1 xPBS to tiie T75 
flask and wash tiie tissue monolayer by genfly rocking. Decant the PBS and repeat washing 
of tiie tissue monolayer with 1 x PBS. Decant the PBS. Overlay flie monokyer with 2 ml 1 
x PBS/1 x Trypsin-EDTA. Covet the surface of tiie tissue monolayer evenly by gentle 
rocking of tiie flask. Incubate tiie T75 flask at 37°C and 5% v/v CO2 until tiie tissue 

30 monolayer separates fiom tiie flask. Add 2 ml of medium including 10% v^ FBS to tiie 
flask. Under microscopic examination, tiie cells should now be single and round. Transfer 
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the cells to a 10 ml capped tube aad add 3 ml of ice-cold 1 x PBS. lavert fte tube several 
times to mix. Pellet the cells by centrifugation at 500 x g for 10 min in a lefiigerated 
centrifuge (4°C). Decant the supematant and add 5 ml of ice-cold 1 x PBS to Ae c^)ped 
tube. Suspend tiie cells by gentle vortexing. Detennine the total number of cells using a 
5 haemocytometer sUde. Cell numbers should not exceed 2 x lO". Pellet ttie cells by 
centrifugation at 500 x g for 10 min in a refrigerated centrifiige (4»C). Decant &e 
supematant 



(b) Non-adherent cells 



10 



For non-adherent cells proceed as foUows: decant cell suspension into a 50 ml Falcon tube 
and centrifuge at 500 x g for 10 min in a refrigerated centrifiige (4"Q. Decant the 
supematant and add 5 ml of ice-cold 1 x PBS to the cells and suspend the cdls by geafle 
vortexing. Pellet the cells by centrifugation at 500 x g for 10 min in a refrigerated 
15 centrifiige (4*»C). Decant the supematant and add 5 ml of ice-cold 1 x PBS to the Falcon 
tube. Suspend the cells by gentle vortexing. Detennine the total number of cells using a 
haemocytometer sUde. Cell numbers should not exceed 2 x 10*. Pellet die cells by 
centrifiigation at 500 x g for 10 min in a refrigerated centrifiige (4''Q. Decant the 
supernatant 



20 



(c) DNA extraction and analysis 



Genomic DNA, for both adherent and non-adherent cell hnes, was extracted using the 
Qiagen Genomic DNA extraction kit (Cat No. 10243) as per the manufacturer's 
25 instractions. The concentration of genomic DNA recovered was detennined using a 
Beckman model DU64 photospectrometer at a wavelength of 260 mn. 

Genomic DNA (10 jig) was digested with appropriate restriction endonucleases and buffer 
in a volume of 200 pi at 37*C for approximately 16 hr. FoUowing digestion. 20 jtl of 3 M 
30 sodhim acetate pH 5.2 and 500 111 of absolute eflianol were added to die digest and the 

solutions mixed by vortexing. The mixture was incubated at -20°C fiir 2 hr to precipitate 
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the digested graiomic DNA. The DNA was peUeted by centrifugation at 10,000 x g for 30 
min at 4"C. The supernatant was removed and the DNA peUet washed wifli 500 jd of 70% 
v/v ethanoL The 70% v/v ethanol was removed, flie pellrt air-dried, and flie DNA. 
suspoided in 20 ^1 of water. 

5 

Gel loading dye (0.25% w/v biomophenol blue (Sigma); 0.25% w^ xylene cyanol FF 
(Sigma); 15% w/v FicoU Type 400 (Phaimada)) (5 jU) was added to d» resuspended DNA 
and the mixture transferred to a well of 0.7% w/v agaiosenTAE gel containing 0.5 |igteil of 
ethidium bromide. The digested genomic DNA was electrophoresed through the gel at 14 
10 volts for approximately 16 hr. An appropriate DNA size marker was included in a parallel 
lane. 

The digested genomic DNA was then denatured (1 .5 M NaCl, 0.5 M NaOH) in the gel and 
the gel neutralized (1.5 M NaCl, 0.5 M Tris-HQ pH 7.0). The electrophoresed DNA 
15 fragments were then capillary blotted to Hybond NX (Amersham) membrane and fixed by 
UV cross-linking (Bio Rad GS Gaie Linker). 

The membrane contaming the cross-linked digested genomic DNA was rinsed in sterUe 
water. The membrane was then stained in 0.4% v/v methylene blue in 300 mM sodium 
20 acetate (pH 5.2) for 5 mm to visualize the transferred genomic DNA. The membrane was 
then rinsed twice m sterile water and destained m 40% v/v elhanoL The membrane was 
then rinsed m sterile water to remove ethanol. 

The membrane was placed in a Hybaid bottle and 5 ml of pre-hybridization solution added 
25 (6 X SSPE, 5 x Denhardt's reagent, 0.5% w/v SDS, 100 ng/inl denatured, fragmented 
herring sperm DNA). The membrane was pre-hybridized at 60»C for approximately 14 hr 
in a hybridization oven with constant rotation (6 rpm). 

Probe (25 ng) was labeUed with [a^^P]-dCTP (specific activity 3000 CiAnmol) using the 
30 Megaprime DNA labeUing system as per the manufacturer's instructions (Amersham Cat 
No. RPN1606). LabeUed probe was passed through a G50 Sephadex Quick Spin 
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(trademaik) column (Roche, Cat No. 1273973) to remove imincoipoiated nucleotides as 
per the manufacturer's instructions. 

The heat-denatured labelled probe was added to 2 ml of hybridization buffer (6 x SSPE, 
5 0.5% w/v SDS, 100 fig/ml denatured, fragmented hening sperm DNA) pre-wanned to 
60**C. The pre-hybridization buffer was decanted and replaced wifli 2 ml of pre-warmed 
hybridization buffer contaming the labelled probe. The membrane was hybridized at 60**C 
for approximately 16 hr in a hybridization oven with constant rotation (6 rpm). 

10 The hybridization buffer containing the probe was decanted and the membrane subjected 
to several washes: 

2 X SSC, 0.5% w/v SDS for 5 min at room temperature; 
2 X SSC, 0.1% wAr SDS for 15 min at room temperature; 
15 0.1 X SSC, 0,5% w/v SDS for 30 min at 37*'C with gentle agitatioI^ 

0.1 X SSC, 0.5% w/v SDS for 1 hour at GS^'C with gentle agitation; and 
0.1 X SSC for 5 min at room temperature with gentle agitation. 

Washing duration at eS^'C varied based on the amount of radioactivity detected with a 
20 hand-held Geiger counter. 

The damp membrane was wrapped in plastic wrap and exposed to X-ray film (Curix Blue 
HC-S Plus, AGFA) for 24 to 48 hr and the fihn developed to visualize bands of probe 
hybridized to genomic DNA 

25 

8. Immunofluorescent labelling of cultured cells 

Glass microscope cover shps (12 mm x 12 mm) were flamed with ethanol then submerged 
in 2 ml growth medium, two per well, in six-weU plates. Cells were added to wells in 1-2 
30 ml medium to give a density of cells after 16 hr growfli such that cells remain isolated 
(200,000 to 500,000 per well depending on size and growth rate of cells). Without 
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Temoving the cover sUps ftom wells, the medium was aspirated and cells were washed witti 
PBS. For fixation, cells were treated for 1 hr with 4% w/v paraformaldehyde (Sigma) in 
PBS then washed three times with PBS. Fixed cells were permeabilized with 0.1% v/v 
Triton X-100 (Sigma) in PBS for 5 min then washed three times with PBS. Cells on cover 

5 sUps were blocked on one drop (about 100 pi) of 0.5% w/v bovine serum albumin Fraction 
V (BSA, Sigma) for 10 mia Cover slips were tiien placed for at least 1 h on 25 (d drops of 
primary mouse monoclonal antibody which had been diluted 1/100 in 0.5% v/v BSA in 
PBS. Cells on cover slips were then washed tiiree times witii 100 |il of 0.5% vAr BSA in 
PBS for about 3 min each before being placed for 30 min to 1 hr on 25 jii drops of Alexa 

10 Fluor (registered trademark) 488 goat anti-mouse IgG conjugate (Molecular Probes) 
secondary antibody diluted 1/100 m 0.5% v/v BSA in PBS. Cells on cover sUps were then 
washed three times with PBS. Cover sUps were mounted on glass microscope slides, tiiree 
to tiie slide, in glycerol/DABCO [25 mgAnl DABCO (l,4-dia2abicyclo(2.2.2)octane 
(Sigma D 2522)) in 80% v/v glycerol in PBS] and examined witii a lOOX oil immersion 

1 5 objective under UV illumination at 500-550 nm. 

9. Composition of media used in experimental protocols 

The compositions of DMEM, Ora-MBM I (registered trademark) Reduced Serum 
20 Medium, PBS and "nypsin-EDTA used are set out in Exanple 1 • 

(a) RPm 1640 Medium 

A commercial formulation of RPMI 1640 medium (Cat No. 21870) was used and obtained 
25 fix)m Life Technologies. The liquid formulation was: 

Ca(N03)2.4H20 lOOmg/1 

KCI 400 mg/1 

MgS04(anhyd) 48.84 mgA 

30 NaCl 6,000 mg/1 

NaHCOs 2,000 mg/1 



wo 01/70949 



PCT/AUOl/00297 



.57- 







ftOn Tncr/1 




T\_ nrlii /«nc A 


2 000meA 




vjiutfltDioiie ^icQUwca/ 


1 0 ma/1 








5 


L^Axguune 


Onn -ma/l 




Lr-Aspdiagme \^irc6 uasej 


ino/l 
mgri 




T A enoWif^ A PI/1 


20 me/1 




ii-cjysuiie.Z£id 










10 


Glycine 


1 n mo/1 




i^XllSuQlIlc ^11126 OaSCj 


1 ^ ma/1 




LrXTyaroxypi ouuc 


9fVrrny/l 






SO me/1 






50mgA 


15 




Af\ ma/1 




j^jVLeiDioniiie 


1 S ma/1 




T 131if»ri\/1a1aTilllP 
l^x liCIiyifilaiil Uv 


15 me/I 




j^jTlvlJULilv 


20mc/l 






30mg/l 


20 




20mg/l 




T ^Trvntfinlian 


SmeA 




T ^Tvro<ime 2Na-2HiO 


29mg/l 




JLr ValJjlc 


'^Oma/l 




Biotin 


O^mga 


25 


D-Ca Pantothenate 


0.25 mg/1 




Choline chloride 


3mg/l 




Folic Acid 


lmg/1 




i-Inositol 


35 mg/1 




Niacinamide 


lmg/1 


30 


Para-aminobenzioc Acid 


Img/l 




PyridoxineHa 


lmg/1 



wo 01/70949 



PCT/AUOl/00297 



-58- 

Riboflavin 

ThiamineHQ lmg/1 
Vitamin B12 0.005 mg/1 

5 EXAMPLE 11 

Preparation ofplasmid construct cassettes for use in achieving co-suppression 

J. Generic SNA isolation, cDNA synthesis and PCR protocol 

10 Total RNA was purified ftom the indicated ceU lines using an KNeasy^fim Kit ac^^ 
to the manufacturer's protocol (Qiagen). To prepare cDNA, tbis RNA. was reverse 
transcribed using Omniscript Reverse Transcriptase (Qiagen). Two microgtams of total 
RNA was reverse transcribed using 1 jiM oUgo dT (Sigma) as a primer in a 20 nl reaction 
according to the manu&cturer's protocol (Qiagen). 



15 



20 



To anqjlify specific products, 2 jil of this mixture was used as a substrate for ?CR 
amplificatioD, which was performed using HotStarTaq DNA polymerase according to the 
manufacturer's protocol (Qiagen). PCR amplification conditions involved an initial 
activation step at 95°C for 15 mins, followed by 35 amplification cycles of 94°C for 30 
sees, 60"C for 30 sees and 72*0 for 60 sees, with a final elongation step at 72'C for 4 



mins. 



PCR products to be cloned were usually purified using a QIAquick PGR Purification Kit 
(Qiagen); in instances where multiple fiagments were generated by PGR, the fiagment of 
25 the correct size was purified ftom agarose gels using a QIAquick Gel Purification Kit 
(Qiagen) according to the mamifiicturer's protocol. 

Amplification products were then cloned into pCR (registered trademaric)2.1-T0P0 
(Ihvitrogen) according to the manufacturer's protocoL 

30 
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2. Generic cloning techniques 

To prepare the constructs described below, insert fragments were excised from 
intermediate vectors using restriction enzymes according to the manufacturer's protocols 
5 (Roche) and fragments purified from agarose gels using QIAquick Gel Purification Kits 
(Qiagen) according to. the manufacturer's protocol Vectors were usually prq>ared by 
restriction digestion and treated with Shrimp Alkaline Phosphatase according to flie 
manufacturer's protocol (Ameisham). Vector and inserts were ligated using T4 DNA 
ligase according to the manufacturer's protocols (Roche) and transformed into competent 
10 E. coli strain DH5a using standard procedures (Sambrook et al; 1984). 

3. Constructs 

I (a) Commercial plasmids 

15 

Plasmid dEGFP-N1 

Plasmid pEGFP-Nl (Figure 1; Clontech) contains the CMV IE promoter operably 
connected to an open reading frame encoding a red-shifted variant of the wild-type GFP 
which has been optimized for brighter fluorescence. The specific GFP variant encoded by 
20 pEGFP-Nl has bera disclosed by Cormack et al (1996). Plasmid pEGFP-Nl contains a 
multiple cloning site comprising BgtH and BamSL sites and many oflier restriction 
endonuclease cleavage sites, located between the CMV IE promoter and the EGFP open 
reading frame. The plasmid pEGFP-Nl will express the EGFP protein in mammalian cells. 
In addition, structural genes cloned into the multiple cloning site will be expressed as 
25 EGFP fiision polypeptides if ttiey are in-fiame with the EGFP-encoding sequence and lack 
a fimctional translation stop codon. The plasmid finther comprises an SV40 
polyadenyiation signal downstream of the EGFP open reading frame to direct proper 
processing of the 3'-end of mKNA transcribed from the CMV IE prompter sequence 
(SV40 pA). The plasmid fiirther comprises the SV40 origin of replication functional in 
) 30 animal cells; the neomycin-resistance gene comprismg SV40 early promoter (SV40-E in 

Figure 1) operably connected to the neomycin/kanamycin-resistance gene derived fix>m 



wo 01/70949 



PCT/AU01/a0297 



-60- 

TnS (Kan/Neo in Figure 1) and the HSV thymidine kinase polyadenylalion signal, for 
selection of transfonned cells on kanamycin, neomycin or geneticin; Ae pUC19 origin of 
replication which is functional in bacterial cells and the fl origin of repUcadon for single- 
stranded DNA production. 

5 

PlcLsmid vBluescrivtllSK^ 

Plasmid pBluescript n SK^ is commercially available from Stratagene and conqmses the 
lacZ promoter sequence and lacZ-a transcription terminator, with multiple restriction 
endonuclease clomng sites located there between. Plasmid pBluescript n SK*^ is designed 
10 to clone nucleic acid fragments by virtue of the multiple restriction endonuclease cloning 
sites. The plasmid fiirtiier comprises the ColEl and £1 origins of r^lication and the 
ampicillin-resistauce gene. 

Plasmid vCR (rezistered trademark) Z 1 

15 Plasmid pCR2,l is a commercially-available, T-tailed vector from Invitrogai and 
comprises the lacZ promoter sequence and lacZ-a transcription terminator, witiii a cloning 
site for the insertion of structural gene sequences there between. Plasmid pCR (registered 
trademark) 2.1 is designed to clone nucleic acid fragments by virtue of the A-overhang 
frequently synthesized by Taq polymerase during the polymerase chain reaction. The 

20 plasmid fiirther comprises the CoIEl and fl origins of replication and kanamycin-resistance 
and ampiciUin-resistance genes. 

Plruimid pCR fresistered trademark) 2.1-TOPO 

Plasmid pCR (registered trademaric) 2.1-TOPO is a commercially available T-tailed vector 
25 from iQvitrogen and comprises the lacZ promoter sequence and lac2^<x transcription 
terminator, with multiple restriction endonuclease cloning sites located tfiere between. 
Plasmid pCR (registered trademark) 2.1-TOPO is provided with covalently bound 
topoisomerase I enzyme for fast cloning. The plasmid further comprises the ColEl and fl 
origins of replication and the kanamycin and ampicillin resistance genes. 

30 
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PTnxmidpPUR 

Plasmid pPUR is commerciaUy available fiom Qontech and comprises the SV40 eariy 
promoter operably connected to an open reading fiame encoding the Str^tomyces 
cdboniger puromycin-N-acetyl-transferase (pac) gene (de la Luna and Ortin, 1992). The 
5 plasmid further comprises an SV40 polyadenjdation signal downstream of the ;wc open 
reading frame to direct proper processing of the 3'-end of mRNA transcribed from the 
SV40 E promoter sequence. Hie plasmid further comprises a bacterial replication origin 
and the ampicillin resistance (p-lactamase) gene for propagation in E. colt 

10 (b) Intermediate cassettes 



PlnMfnid TOPO.BGI2 

Plasmid TOP0.BGI2 comprises the human p-globin intron number 2 (BGI2) placed in the 
mulriple cloning region of plasmid pCR (registered trademark) 2.1-TOPO. To produce this 
15 plasmid, the human p-globin intron number 2 was amplified from human genomic DNA 
using the amplification primers: 

GDI GAG CTC TTC AGG GTG AGT CTA TGG GAG CC [SEQ ID N0:1] 

and 

20 GAl crGCAGGAGCTGTGGGAGGAAGATAAGAG[SEQIDN0:2] 

and cloned into plasmid pCR (registered trademaric) 2.1-TOPO to make plasmid 
TOP0.BGI2. BGI2 is a functional intron sequence that is cq)able of being post- 
transcriptionally cleaved from RNA transcripts containing it in mammalian cells. 

25 

Plnsmid TOPO.PUR 

Plasmid TOPO.PUR comprises the SV40 E promoter, the puromycin-N-acetyl-transferase 
gene, and the SV40 polyadenylation signal sequence from the plasmid pPUR placed in the 
multiple cloning region of plasmid pCR (registered tradmaris:) 2.1-TOPO. To produce this 
30 plasmid, the region of plasmid pPUR containing the SV40 E promoter, the puromycin-N- 
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acetyl-txansferase gene, and the SV40 polyadenylation signal sequmce was anq)lified from 
plasmid pPUR (Clontech) using the amplification primers: 

4/Zni-pPUR-Fwd TCT CCT TAG GCG TCT GTG COG TAT [SBQ ID NO:3] 
5 and 

4/Zffl-pPUR-Rev ATG AGG AC A CGT AGG AGC TTC CTG [SEQ ID N0:4] 

and cloned into plasmid pCR (registered trademaik) 2.1-TOPO to mskt plasmid 
TOPO.PUR. 

10 

(c) Plasmid cassettes 
Plasmid vCMV,cass 

Plasmid pCMVxass (Figure 2) is an expression cassette for driving expression of a 
15 structural gene sequence under control of the CMV-BE promoter sequence. Plasmid 
pCMV.cass was derived &om pEGFP-Nl (Figure 1) by deletion of the EGFP open reading 
fi^e as follows: Plasmid pEGFP-Nl was digested with PinAI and Notl^ blunt-ended 
using PfUI DNA polymerase and then religated. Structural gene sequences are cloned into 
pCMV.cass using the multiple cloning site, which is identical to the multiple cloning site 
20 of pEGFP-Nl, except it lacks the PinAI site. 

Plasmid vCKfV.BGI2,cass 

To create pCMV J3GI2.cass O^igure 3), the human p-globin intron sequence was isolated 
as a SacVPstl fragment from TOPO.BGI2 and cloned between the Sad and PstI sites of 
25 pCMVxass. In pCMV.BGI2xass, any RNAs transcribed from the CMV promoter wiU 
include the human p-globin intron 2 sequences; these intron sequences will presumably be 
excised from transcripts as part of the nomial intron processing machinery, since the intron 
sequences include both the splice donor and splice acceptor sequences necessary for 
normal intron processing. 

30 
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EXAMPLE 12 

Co-suppression of Green Fluorescent Proton in Porcine Kidney Type 1 cells in vitro 
1. CuUuring of cell lines 

5 

PK-1 cells (derived fi»m porcine kidney epithelial cells) were grown as adhraent 
monolayers using DMEM siqjpleanented with 10% v/v FBS, as described in £xanq>le 10, 
above. 

4 

10 2. Prqforation of genetic constructs 

(a) Interim plasmids 

Plasmid vBluescriDt.EGFP 
1 5 Plasmid pBluescript.EGFP comprises the EGFP open reading ftame derived fiom plasmid 
pEGFP-Nl (Figure 1, refer to Example 1 1) placed in the multiple cloning region of plasmid 
pBluescript n SK*. To produce this plasmid, the EGFP open reading fiame was excised 
from plasmid pEGFP-Nl by restriction endonuclease digestion using the enzymes NofL and 
JOtol and ligated into NotUXhol digested pBluescript n SK*. 

20 

Plnxmid pCR.B^l-GFP-Bam 

Plasmid pCR.Bgl-GFP-Bam comprises an internal region of the EGFP open reading frame 
derived from plasmid pEGFP-Nl (Figure 1) placed in the multiple cloning region of 
plasmid pCR2.1 (hivitrogen, see Example 11). To produce this plasmid, a region of the 
25 EGFP open reading frame was amplified fiom pEGFP-Nl using the anq)lification primers: 

Bgl-GFP: CCC GGG GCT TAG TOT AAA ACA GGC TGA GAG [SEQ ID N0:5] 
and 

GFP-Bam: CCC GGG CAA ATC CCA GTC ATT TCT TAG AAA (SEQ ID N0:6\ 

30 
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and cloned into plasmid pCR2.1, according to the manufacturer's directions (liivitrogen). 
The internal EGFP-encoding legion in plasmid pCR-Bgl-GFP-Bam lacks functional 
translational start and stop codons. 

5 Plasmid vCMV.GFP.BGn.PFG 

Plasmid pCMV.GFP.BGI2JPFG (Figure 4) contains an inverted repeat or palindrome of an 
internal region of the EGFP open reading fiame that is mterrupted by the insotion of the 
human p-globin intion 2 sequence therem. Plasmid pCMV.GFP-BGEJFG was 
constructed in successive steps: (i) the GFP sequence fix)m plasmid pOLBgl-GEP-Bam 

10 was sub-cloned in the sense orientation as a BglH-to-BamWi fragment into ^g/D-digested 
pCMVJBGI2.cass (Figure 3, refer to Example 1 1) to make plasmid pCMV.GFPJBGD, and 
(ii) the GFP sequence from plasmid pCILBgl-GFP-Bam was sub-cloned in the antisense 
orientation as a BglH-to-BamHl fragment into 5amHI-digested pCMV.GFP.BGI2 to make 
the plasmid pCMV.GFPJBGI2.PFG. 

15 

(b ) Test plasmids 
Plasmid vCMV,EGFP 

Plasmid pCMVJEGFP (Figure 5) is capable of expressing the entire EGFP open reading 
20 frame under the control of CMV-IE promoter sequence. To produce pCMV.EGFP, the 
EGFP sequence from pBluescriptEGFP, above, was sub-cloned in the sense orientation as 
a BamHl'tO'Sacl fragment into 5^/II/&icI-digested pCMV.cass (Figure 2, refer to 
Example 1 1) to make plasmid pCMV.EGFP. 

25 Plasmid DCMV^.BGI2.cass 

Plasmid pCMV^"^3GI2.cass (Figure 6) contains a puromycin resistance selectable mariner 
gene in pCMV.BGI2.cass (Figure 3) and is used as a control in these experiments. To 
create pCMV^'.BGCcass, the puromycin resistance gene from TOPOJPUR (Example 10) 
was cloned as an AflSL fragment into 4/Zn-digested pCMV.BGI2.cass. 

30 
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Plasmid t)CMV^.GFP^Gn.PFG 

Plasmid pCMV*". GFP JGI2J>FG (Figure 7) contains an inverted repeat or palindrome of 
an intemal region of the EGFP open readisg frame that is inteinq)ted by Ihe insertion of 
Ihe hvmian P-globin intron 2 sequ^ce therein and a puiomycin resistance sdectable 
5 maiker gene. Plasmid pCMV^.GFP JBGE.PFG was constructed by cloning the puiomydii 
resistance gene fiom TOPOJUR (Example 10) as an AflO. fiagment into 4/ni-digested 
pCMV.GFP.BGI2JPFG (Figure 4). 

5. Detec^n of co-suppression phenotype 

10 

(a) Insertion of EGFP-expressing transgene into PK-1 cells 

Transformations were performed in 6 well tissue culture vessels. Individual wells were 
seeded with 4 x lO" PK-1 cells in 2 ml of DMEM, 10% v/v FBS and incubated at 37»C, 5% 
15 v/v CO2 until the monolayer was 60^90% confluent, typically 16 to 24 hr. 

To transform a single plate (6 wells), 12 jig of pCMV.EGFP (Figure 5) plasmid DNA and 
108 ^il of GenePORTER2 (trademark) (Gene Therapy Systems) were diluted into Ora- 
MEM-I (restored trademark) to obtain a final volume of 6 ml and incubated at room 
20 temperature for 45 min. 

The tissue growth medium was removed firom each well and the monolayers tiierein 
washed with 1 ml of 1 x PBS. The monolayers were overlayed with 1 ml of the plasmid 
DNA/GeneP0RTER2(tradetnaik) conjugate for each well and incubated at 3TC, 5% v/v 
25 C02fi)r4.5hr. 

Opti-MEM-I (registered trademark) (1 ml) siqjplemented with 20% v/v FBS was added to 
each well and the vessel incubated for a fiirtha: 24 hr, at which time ttie monolayers were 
washed with 1 x PBS and medium was replaced wifli 2 ml of fiKsh DMEM including 10% 
30 v/v FBS. Cells transformed with pCMV.EGFP were examined after 24-48 hr for transient 
EGFP expression using fluorescence microscopy at a wavelengfli of 500-550 mn. 
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Forty-eight hr after transfection the medium was removed, the cell monolayer washed with 
1 X PBS and 4 ml of fresh DMEM containing 10% vAr FBS, supplemented with 1.5 mg/ml 
genetecin (Life Technologies), was added to each well Gendecin was included in the 
5 mediirai to select for stably transformed cell lines. The DMEM, 10% v/v FBS, 1.5 mg/ml 
genetecin medium was changed every 48-72 hr. After 21 days of selection, stable, EGFP- 
expressing PK-1 colonies were apparent. 

Individual colonies of stably transfected PK-1 cells were cloned, maintained and stored as 
10 described in Generic Techniques in Example 10, above. 

A number of parental cell lines were transforaied with pCMV.EGFP. hi many of these, 
GFP expression was either extremely low or completely undetectable as listed in Table 2 
and shown in Figures 9A, 9B, 9C and 9D. 

15 

TABLE 2 



-Parental Cell; line 


. Nupnber of donediliiiies 
V . examineiii -. 


Number of cell fines with ; 
extremely low or '" ^ ' . 
iindeitiectableiGFP : ■ 


PK-1 


59 


2 


MM96L 


12 


4 


B16 


12 


10 


MDAMB468 


11 


1 



20 These data indicated that inactivation of GFP occurred frequraitly in different types of cell 
lines, established fiom three different species. 
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(b) Post-transcriptioncd silencing ofEGFP-expressing transgene in PK-1 cells 

To study flie onset of post-transcriptional gene sUeacing (PTGS) of iJie ECTP-expressing 
transgene, cells fiom 12 stable EGFP-expressing PK-1 lines (PK-lffiGFP) were tnmsfected 
5 with the construct pCMV^.(3TJ3GI2JPFG (Figure'?). Two conttols were also included. 
The first control was a replicate of each stable line transformed with flie plasmid 
pCMV^3GI2.cass (Figure 6) The second control was a replicate untransfected PK- 
1/EGFP line. 

10 The transformation of PK-1 ceUs with pCMV^.GFP£GI2JPFG and pCMV^iGCcass 
was perfoimed in 6-well tissue culture vessels, in triplicate, using the same meftiod as 
described above in (a). 

Forty-eight hr after transfection the medium was removed, the cell monolayer washed with 
15 PBS (as above) and 4 ml of fresh DMEM containing 10% v/v FBS and 1 mg/ml geneticin 
(GGM) woe added to each well of cells, hi addition, where the cells were transfected with 
either pCMVP*"£GI2.cass or pCMV^'.GFP.BG12.PFG, the GGM was further 
siqjplemented with 1.0 ^gtol puiomycin; puromycin was included in the medium to select 
for stably transformed cdl lines. After 21 days of selection, co-transformed silenced 
20 colonies were sppateaL FoUowing transfection. all rq)Ucates were inspected 
microscopically for the presence of PTGS, as indicated by the absence of the EGFP- 
expressing phenotype in cells transformed with pCMNT'.GFPBGEJPFG but not in cells 
transfoimed with pCMV^.BGIZ.cass or transfected replicate controls. 

25 5. Anafysis by nuclear transcription run-on asst^ 

To detect transcription of the transgene RNA in the nucleus of PK-1 cells, nuclear 
transcription run-on assays are performed on ceU-free nuclei isolated from actively 
dividing cells. The nuclei are obtained according to flie ceU nuclei isolation protocol set 
30 forth in Example 1 0, above. 



wo 01/70949 



PCT/AUOl/00297 



-68- 

Analyses of nuclear RNA transcripts for the transgene EGFP fiom flie transfected plasmid 
pCMVMT and flie transgene GFPBGI2JPFG from tiie co-transfected plasmid 
pCMV"*.GFPJBGEJFG are peifonned according to the nuclear transa^)tion run-tm 
protocol set forfli in Example 10, above. 

5 

Rates of transcription in the nuclei of all PK-1 cells analyzed - whether transfected with 
plasmid pCMV.EGFP or with the transgene GFPBGE JFG - are not substantiaUy 
different from rates found in nuclei of either the untransfected PK-l/EGFP control line or 
the control line transformed witti the plasmid pCMV^^GE-cass. 

10 

5, Comparison ofmRNA in non-transformed and co-suppressed Hues 

Messenger RNA for EGFP from tiie plasmid pCMV£GFP and RNA transcribed from the 
transgene GFP.BGI2.PFG are analyzed according to the protocol set forth in Example 10, 
15 above. 

6. Southern anafysis 

Individual transgenic PK-1 ceU lines (transfected and co-transfected) are analyzed by 
20 Southan blot analysis to confirm integration and detramine copy number of the 
transgenes. The procedure is carried out according to the protocol set forfli in Exanq)le 10, 
above. An example is illustrated in Figure 8. 

EXAMPLE 13 

25 Co-suppression of Bovine Enterovirus in Madin Darby Bovine Kidney 

Type CSIB-1 cells m vitro 

1. Culturing of cells lines 

30 CRIB-1 cells (derived from bovine kidney q)ithelial cells) were grown as adherent 
monolayers using DMEM supplemented with 10% v/v Donor Calf Sennn (DCS; life 
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5 



Technologies), as described in Example 10. above. Cells were always grown in incubators 
at 37°C in an atmosphere containing 5% v/v CO2. 

2. Pr^aratiott of genetic constructs 

(a) Interim plasmid 



prn<:mid pCR.BEV2 

The complete Bovine enterovirus (BEV) RNA polymerase coding region was anq)lified 
10 fiom a fiill-length cDNA clone encoding same, using primers: 

BEV-1 CGG CAG ATC CTA ACA ATG GCA GGA CAA ATC GAG TAG ATC 

[SEQ1DN0:7] 

and 

15 BBV-3 GGGCGGATCCTTAGAAAGAATCGTACCAC[SBQIDN0:81. 

Primer BEV-1 comprises a ^g/Z? restriction endonuclease site at positions 4 to 9 inclusive, 
and an ATG start site at positions 16-18 inclusive. Primer BEV-3 comprises a BamHl 
restriction enzyme site at positions 5 to 10 inclusive and the complement of a TAA 
20 translation stop signal at positions 1 1 to 13 inclusive. As a consequence, an open reading 
fiame comprising a translation start signal and a translation stop signal is contained 
between the BgHl and BamHl restriction sites. The amplified fragment was cloned into 
pCR2. 1 to produce plasmid pCRJ3EV2. 

25 PlnsmidvBS.PFGE 

Plasmid pBS.PFGE contains the EGFP coding sequences fiom pEGFP-Nl cloned into the 
polylinker of pBluescript H SK^ To generate this plasmid, the EGFP coding sequences 
from pBGFP-Nl was cloned as a Notl-MoSacl fragment into jVb<I/&cI-digested 
pBluescript II SK**. 

30 
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(b) Testplasmids 
Plnjsmid pCMV,EGFP 

Plasmid pCMVJEGFP (Figure 5) is capable of expressing tiie entire EGFP open reading 
5 frame and is used in this and subsequent examples as a positive transfection control (refer 
to Example 12, 2(b)). 

Plnsmid vChfV.BEV2.BGI2,2VEB 

Plasmid pCMV.BEV2BGI2.2VEB (Figure 10) contains an inverted repeat or palindrome 
10 of the BBV polymerase coding region that is interrupted by the insertion of the human p- 
globin intron 2 sequence therein. Plasmid pCMV.BEV2.BGI2.2VEB was constmcted in 
successive steps: (i) the BEV2 sequence ftom plasmid pCILBEV2 was sub-cloned in the 
sense orientation as a BglQrXo-BamHl fragment into Sg/E-digested pCMVBGI2.cass 
(Example 11) to make plasmid pCMVBEV2.BGI2, and (ii) the BEV2 sequence from 
15 plasmid pCR3EV2 was sub-cloned in the antisense orientation as a JJgfll-to-JJamHI 
fragment into JamHI-digested pCMV.BEV2.BGI2 to make plasmid 
pCMV3BV2.BGI2.2VEB, 

Plrv^mid DChfV.BEV.EGFP. VEB 

20 Plasmid pCMVBEV JEGFP.VEB (Figure 1 1) contains an inverted repeat or palindrome of 
the BEV polymerase coding region that is interapted by EGFP coding sequOToes which act 
as a stuffer fragment To generate this plasmid, the EGFP coding sequence from 
pBS.PFGE was isolated as an EcdSil fragment and cloned into EcoRI-digested pCMV.cass 
in the sense orientation relative to the CMV promoter to generate pCMVJEGFP.cass. 

25 Plasmid pCMV. BEV.EGFP.VEB was constmcted in successive steps: (i) the BBV 
polymerase sequence from plasmid pCR.BEV2 was sub-cloned in the sense orientation as 
a Bgrn-io-Bamm fragment into 5^/II-digested pCMV.EGFP.cass to make plasmid 
pCMV.BEV.EGFP, and (ii) the BEV polymerase sequence from plasmid pCRJBEV2 was 
sub-cloned in the antisense orientation as a BglOrXo-BamSl fragment into ^omHI-digested 

30 pCMV3EV JBGFP to make plasmid pCMV. BEVJBGFP.VEB. 
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10 



3. Detection of co-suppression phenotype 

(a) Insertion cf Bovine enterovirus RNA polymo'ase-expressing transgene into CRW-l 
cells 

Transfonnations were perfonned in 6-weU tissue culture vessels. Individual wells were 
seeded with 2 x 10* CRIB-1 cells in 2 ml of DMEM, 10% v/v DCS and incubated at 37'C, 
5% vA^ CO2 until the monolayer was 60-90% confluent, typically 16 to 24 hr. 

The following solutions were prepared in 10 ml sterile tubes: 



Soluti^: For each transfection, 1 [ig of DNA (pCMV.BEV2.BGI22VEB or 
pCMV.EGFP - Transfection Control) was diluted into 100 fil of OPn- 
MEM-I (registwed trademark) Reduced Serum Medium (saran-free 
15 medium) and; 

Solution B : For each transfection. 10 jil of IipofectAMINE (trademari:) Reagent was 
dUuted into 100 pi Ora-MEM-I (registered trademark) Reduced Serum 
Medium. 



20 



25 



The two solutions were combined and mixed gently, and incubated at room temperature 
for 45 min to allow DNA-liposome complexes to form. While complexes formed, the 
CRIB-1 cells were rinsed once with 2 ml of Orn-MEM I (registered tradmaik) Reduced 
Sown Medium. 

For each transfection, 0.8 ml of OPTI-MEM I (registered trademark) Reduced Serum 
Medium was added to the tube containing the complexes, the tube mixed gently, and the 
diluted complex solution overlaid onto the rinsed CRIB-1 cells. Cells were then incubated 
with the complexes at 3TC and 5% v/v CO2 for 16 to 24 hr. 



30 
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Transfection mixture was then removed andtheCRIB-l monolayers overlaid with 2 ml of 
DMEM, 10% v/v DCS. Cells were incubated at 37»C and 5% v/v CQ2 for approximately 
48 hr. To select for stable transfoimants, the medium was rq)laced every 72 hr with 4 ml 
of DMEM, 10% v/v DCS, 0.6 mg/ml genetidn. Cells ttansfomied with the transfection 
5 control pCMV.EGFP were examined after 24^8 hr for transient EGFP expression using 
fluorescence microscopy at a wavelength of 500-550 nm. After 21 days of selection, stably 
tramformed CRIB-1 colonies were apparent. 

Individual colonies of stably transfected CRIB-1 ceUs were cloned, maintained and stored 
10 as described in Generic Techniques in Example 10, above. 

0,) Determination of Bovine Enterovirus titre 

The BEV isolate used in these experiments was a cloned isolate, K2577. The titre of this 
15 original viral stock was unknown. To amplify BEV vims from this stock, cells were 
infected with 5 jil of viral stock per weU and the virus allowed to repUcate for 48 hr, as 
described below. Culture medium was harvested at this time and transferred to a screw 
capped tube. Dead cells and debris were flien removed by centrifugation at 3.500 rpm for 
15 min at 4«C in a Sigma 3K18 centrifuge. The siq>einatant was decanted into a fiesh tube 
20 and centrifaged at 20,000 ipm for 30 min at 4»C in a Beckman J2-M1 centrifuge to remove 
remaining debris. The supernatant was decanted and this new BEV stock titred as 
described below and stored at 4°C. 

Absolute: 

25 In a 6-weU tissue culture plate, seed 2.5 x 10^ CRB-l cells per weU in 2 ml DMEM, 10% 
v/v DCS. Incubate the cells at 37°C in an atmosphere containing 5% v/v CO2 until the cells 
are 90-100% confluent 

DUute BEV in sermn-ftee medium DMEM at dilutions of lO ' to lO '. Aspirate the medium 
30 from the CRlB-1 monolayers. Overlay the monolayer with 2 ml of 1 x PBS and gentty 
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lock the tissue culture vessel to wash the monolayer. Aspirate the PBS fiom the monolayer 
and repeat the wash once more. 

Immediately add 1 ml of the diluted virus solutions (lO"^ to lO"^ directly onto the rinsed 
5 CRIB-1 ceUs, using one dilution per well in di5)Ucate. fccubate the (3UB-1 cells witii 
BEV for 1 hour at 37°C and 5% v/v CO2 with gentle agitation. Aspirate the viral inoculum 
and overlay infected ceUs with 3 ml of nutrient agar (1% Noble Agar m DMEM). The 
Noble Agar is made up 2% w/v in sterile distilled water and the DMEM as 2 x DMEM. 
Melt the Noble Agar and equiUbrate to 50°C in a water-bath for 1 hour. Equilibrate the 2 x 
10 DMEM to 37°C in a wator-bath for 15 min prior to use. Mix flie two solutions 1 :1 and use 
to overlay infected cells. 

Allow the nuttiait agar overlay to set and incubate inverted at 3TC and 5% v^ CO2 for 
18-24 hr. Following incubation, overlay each weU with 3 ml of Neutral Red Agar (1.7 ml 
15 Neutral Red Solution (life Technologies)/100 ml Nutrient Agar). Allow flie Neutral Red 
Agar overlay to set and incubate the 6 well plates in an inverted position in the dark at 
37*>C and 5% v/v CO2 for 18-24 hr. Count the number of plaques 24 hr after addition of 
Neutral Red Agar to determine the titre of the BEV viral stock. 

20 Empirical: 

In a 24-well tissue culture plate, 4 x 10* CKDB-l cells were seeded per weU in 800 |il 
DMEM, 10% v/v DCS. The ceUs were incubated at 37''C in an atmosphere containing 5% 
v/v CO2 until they were 90-100% confluent. 

25 From concentrated BEV viral stock, BEV was diluted in serum-free DMEM at dilutions of 
10-^ to lO-*. The medium was aspirated from the CRIB-1 monolayers and the monolayer 
overlaid with 800 jil of 1 x PBS and washed by gentiy rocking the tissue culture vessel 
PBS was aspirated fiom tiie monolayer and the wash repeated 

30 200 jil of die diluted virus sohitions (lO"' to 10"^ was added immediately directly onto the 
rinsed CRIB-1 cells using one dilution per well in dupUcate. The CRIB-1 cells were 
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incubated with BEV for 24 hr at 3TC and 5% v/v COj and each weU inspected 
mictoscopicaUy for cell lysis. A further 600 jU of serum-firee DMEM was then added to 
each well. After a further 24 hr, each well was inspected microscopically fijr ceU lysis. The 
correct dilution is the minimum viral concentration that kills most of flie CRIB-1 ceils after 
5 24 hr and all cells after 48 hr. 

(c) Bovine enterovirus challenge of CBIB-l cells transformed wiOi 
pCMV.BEV23GI2.2VEB 

10 In a 24-weU tissue culture plate, 4 x lO'* CRB-l cells per weU were seeded in triplicate, in 
800 nl DMEM, 10% v/v DCS. The cells were incubated at ZVC ia an atmosphere 
containing 5% v/v CO2 until they were 90-100% confluent. 

From concentrated BEV viial stock, BEV vims was dUuted in serum-free DMEM at tiie 
15 correct dilution as deteraiined hy absolute or en^jirical measurement, hi addition, the BEV 
viral stock was diluted to one log above and below the conect dilution (typically 10"* to 
lO"*). The medium was aspirated from the CRIB-l monolayers and the monolayas 
overlaid with 800 (xl of 1 x PBS and washed gently by rocking the tissue culture vessel. 
PBS was aspirated from the monolayer and tiie wash rq»eated. 

20 

200 jU of the diluted virus solutions (one dilution po" repUcate) was added immediately 
directly onto the rinsed CRIB-1 cells. The cells were incubated with BEV for 24 hr at 37»C 
and 5% v/v CO2. and each well inspected microscopically for cell lysis. A further 600 jil of 
serum-free DMEM was added to each well. After a furthw 24 hr, each weU was inspected 
25 microscopically for cell lysis. 

Transcription of the transgene CBEV2.BGI2.2VEB) induces post-transcriptional gene 
silencing of the BEV RNA polymerase gene, necessary for viral rephcation. Silencing of 
the BEV RNA polymerase gene induces resistance to infection by the Bovine enterovirus. 
30 These cell Imes wiU continue to divide and grow in die presence of the virus, while control 
cells die within 48 hr. Viral-tolerant cells arc used for finther analysis. 
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(d) Generation ofCMB-l viral tolerant cell lines 

To detennine whether cells transfonned with pCMVJBEV.EGFP.VEB or 
5 pCMV3EV2BGI2.2VEB were tolerant to BBV infection, transformed ceU lines were 
challenged with dilutions of BEV and monitored for survival. To overcome inherent 
variation in fliese assays, multiple challenges were performed and lines consistendy 
showing viral tolerance were isolated for further examination. Results of these experiments 
are shown below in Tables 3 and 4. 

10 
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TABLE 3 CRIB-1 ceUs transfected wi1hpCMV3EV£GFP.VEB (CRIB-1 BGFP) 



CeU line. < 


Chiallenee 1 ^ 


Challenge 2 


Challenee 3 


ChaUeiLee4 












10-^ 




10"^: 


10? 


CRB-1 


nd 


nd 




_ 


_ 


- 


- 


- 


CRIB-1 EGFP#1 






_ 




- 


- 


+ 


- 


CRIB-1 EGFP# 3 






+ 


++ 


- 


- 


nd 


nd 


CRIB-1 EGPP# 4 








_ 


- 


- 


++ 


- 


CRIB-1 EGFP# 5 






+ 


+++ 


- 


- 


nd 


nd 


CRIB-1 EGFP# 6 




+ 


_ 


• 


- 


- 


- 


- 


CRJB-1EGFP#7 


+ 




_ 




+ 


+ 


nd 


nd 


CRIB-1 EGFP# 8 


+ 




+ 


+ 


+ 


+++ 




++ 


CRIB-1 EGFP# 9 












+ 


nd 


nd 


CRIB-1 EGFP# 10 




+ 




+ 




++ 


nd 


nc 


CRIB-1 EGFP# 11 


+ 












nd 


nd 


CRIB-1EGFP#12 




+ 


+ 


++ 


+ 


+ 


nd 


nd 


CRIB-1 EGFP # 13 






+ 


+ 






nd 


nd 


CRIB-1 EGFP# 14 


++ 




+ 


++ 


++ 


+ 


+ 


+ 


CRIB-1 EGFP #15 




+ 




-H- 


+ 




nd 


nd 


CRIB-1 EGFP # 16 




+ 




-H- 




++ 


nd 


nd 


^^-1 EGFP #17 






+ 


4- 






nd 


nd 


CR1B-1EGFP#18 


+ 


4- 


++ 


+ 


-H- 


4+ 


nd 


nd 


CKIB-1EGFP#20 












-H-h 


nd 


nd 


CR1B-1EGFP#21 




•H- 


+ 


++ 


+ 


+ 


nd 


nd 


CRIB-1 EGFP #22 






+ 


+ 


+ 


+ 


nd 


nd 


CRIB-1 EGFP #23 








•H-h 




-H- 






CRJB-1EGFP#24 






+ 


++ 




+ 






CRIB-1 EGFP #25 
CRIB-1 EGFP #26 


+ 


1 ++ 


++ 


+-H- 
4-H- 


++ 


+++ 


nd~ 


nd 



no cells surviving 
5 +: 1-10% of cells surviving. 
++: 10-90% of cells surviving. 
+++: 90%+ of cells surviving 
nd: not done. 
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TABLE 4 CRIB-1 cells transfected with pCMV3EV23GI2^VEB (CRB-l BGE) 



CeUline > 


Challeage 1 


ChaUenge2: 


Challeiice3 


Ghallei] 






10^ 




10^ 


10-^ 


10-^ 


10-^ 




iU 


CRIB-1 


nd 


nd 


_ 




- 


- 






CRIB-1 BGI2#1 




_ 




- 


- 


- 


nd 


ncl 


CRIB-1 BGI2#2 








4- 


- 


- 






CRIB-1 BGI2# 3 




_ 


++ 


++ 




-H- 


nd 


nd 


CRIB-1 BGI2#4 




_ 




+ 


- 


- 


nd 


^A 

nd 


CRIB-1 BGI2# 5 




_ 




•H- 


- 


- 


nd 


^A 

nd 


CRIB-1 BGI2#6 






+++ 


++ 


+ 




nd 


nd 


CRIB-1 BGI2#7 


+ 






+++ 


- 


- 


nd 


nd 


CRIB-1 BGI2#8 


- 




+++ 


++ 


. - 




nd 


^A 

nd 


CRIB-1 BGI2# 9 




+ 




++ 


+ 






++.. 


CRIB-1 BGI2 # 10 


++ 


-H- 


++ 


-hH- 




+ 






CRIB-1 BGI2#11 


+ 




+ 


+ 




+ 


nd 


nd 


CRIB-1 BGI2#12 


+ 


+ 


+ 


-H-h 






nd 


. nd 


CRIB-1 BGI2#13 






+++ 


•HH- 






nd 


nd . 


CRIB-1 BGI2#14 


+ 


■H- 


4- 


-H- 


+ 




nd 


nd 


CRIB-1 BG12#15 


+ 


■f 


+ 


++ 




++ 






CRIB-1 BGI2#16 














nd 


nd 


CRIB-1 BG12#17 








++ 






nd 


nd 


CRIB-1 BGI2#18 








+-H- 






nd 


nd 


CRIB-1 BGI2#19 








-H- 


+ 




+ 


+++ 


CRIB-1 BGI2#20 


+ 






+++ 


+ 




nd 


nd 


CRIB-1 BGI2#21 


















CRIB-1 BGI2#22 


















CRIB-1 BG12# 23 




+ 


+-H- 




+ 




nd 


nd 


CRIB-1 BGI2#24 




■H- 


-H-h 


+ 






nd 


nd 



no cells surviving 
5 +: 1-10% of cells surviving. 
-H-: 1 0-90% of cells surviving. 
+++: 90%+ of cells surviving 
nd: not done. 



10 These data showed that viral-tolerant ceU lines could be defined in this fashion. ] 
addition, cells which survived this viral challenge could be grown up for further analyses. 
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To further define the degree of viral tolerance in such cell lines, the cell line CKB-l BGI2 
#19, and viral-tolerant cells grown from cells that survived the initial challenge (line 
CRIB-1 BGI2 #19(tol)), were further analyzed using finar scale serial dilutions of BEV. 
Three-fold serial dilutions of BEV vv^ere used to infect cell lines in triplicate using the 
5 procedure outUned in Section 3 (c). The results of these experiments are shown in Table 5. 



TABLES 



• CeUline v 


dilution of viral stoick : : 




3jxHr? 






1^2x10:^ 


4.1x10^ 




CRIB-1 Replicate 1 












+++ 


CRIB-1 RepUcate 1 












+ 


CRIB-1 Replicate 1 












+++ 


CKDB-l BGI2 #19 
Replicate 1 






+ 


+ 


•H- 


+++ 


CRIB-1 BGE #19 

Replicate 2 










•H- 


+-H- 


CRIB-1 BGI2 #19 
Replicates 








+ 


+++ 




CRIB-1 BGI2 #19(tol) 
Replicate 1 








+ 


+++ 


+-H- 


CRIB-1 BGI2 #19(tol) 
Replicate 2 






+ 


+ 


++ 


+++ 


CRIB-1 BGI2 #19(tol) 
Replicate 3 






+ 


+ 


+++ 


+++ 



10 -: no cells sxurviving 48 hi post-infection 

+: 1-10% of cells surviving 48 hr post-infection- 

++: 10-90% of cells surviving 48 hr post-infection. 

-H-+: 90%+ of cells surviving 48 hr post-infectioiL 



15 These data showed that the cell lines CRIB-1 BGI2 #19 and CRIB-1 BGI2 #19(tol) were 
tolerant to higher titres of BEV than the parental CRIB-1 line. Figures 12A, 12B and 12C 
shows micrographs comparing CRDB-l and CRIB-1 BGI2 #19(tol) cells before and 48 hr 
after BEV infection. 
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4, Analysis by nudear transcription run-on assays 

To detect transcription of the transgene in the nucleus of CRIB-1 cells, nuclear 
transcription nnwn assays are performed on cell-free nuclei isolated from actively 
5 dividing cells. The nuclei are obtained according to the ceU nuclei isolation protocol set 
forth in ^cample 10, above. 

Analysis of the nuclear RNA transcript for the transgene BEV23(a2.2VEB from the 
transfected plasmid pCMVJBEV2.BGI2.2VEB is performed according to the nuclear 
10 transcription run-on protocol set forth in Example 10, above, 

5. Comparison ofmSNA in non-transformed and co-suppressed lines 

Messenger RNA for BEV RNA polymerase and RNA transcribed from flie transgene 
15 BEV2.BGI2.2VEB are analyzed according to the protocol srt forth in Kcample 10, above. 



6. Southern analysis 

hidividual transgenic CRTO-l cell lines are analyzed by Southern blot analysis to confirm 
20 integration of the transgene and determine copy number of the transgene. The procedure is 
carried out according to tiie protocol set forth in Exanq>le 10, above. 

EXAMPLE 14 

Co-suppression of Tyrosinase in Murine TypeB16 cells in vitro 

25 

1. CuUuring of cell lines 

B16 cells derived from murine melanoma (ATCC CRL-6322) were grown as adherent 
monolayers using RPMI 1640 supplemented with 10% v/v FBS, as described in Example 
30 10, above. 
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2. Preparation of genetic constructs 

(a) Interim plaswid 

5 PifixmidTOPO.TYR 

Total KNA was purified fiom cultured murine B16 melanoma cells and cDNA piq>ared as 
described in Bxample 11. 

To amplify a region of the murine tyrosinase gene, 2 jil of this mixture was used as a 
10 substrate for PGR anq)lification using tiie primers: 

TYR-F: GTT TCC AGA TCT CTG ATG GC [SEQ ID NO:9] 

and 

TYR-R: AGTCCACTCTGGATCCTAGG[SEQIDNO:10]. 

15 

The PGR amplification was performed using HotStarTaq DNA polymerase according to 
the manufacturer's protocol (Qiagen). PGR amplification conditions involved an initial 
activation step at 95^0 for 15 mins, foUowed by 35 amplification cycles of 94*G for 30 
sees, SS^C for 30 sees and 72''G for 60 sees, with a final elongation step at 72°G for 4 
20 mins. 

The PGR amplified region of tyrosinase was column purified (PGR purification column, 
Qiagen) and then cloned into pGR (registered tiademaric) 2.1-TOPO according to the 
manufitcturer's instructions (Invitrogen) to make plasmid TOPO.TYR 

25 

(b) Testplasmids 
Pln.miidDCMV.EGFP 

Plasmid pCMV.EGFP (Figure 5) is capable of expressing flie entire EOT open reading 
30 frame and is used in diis and subsequent exan^les as a positive tcansfection control (refer 
to Example 12, 2(b)). 
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py^^f/j pCMV. TTlLBGnJlYT 

Plasmid pCMV.TYILBGE HYT OFigure 13) contains an inverted repeat, or palindrome, of 
a region of flie murine tyrosinase gene that is intemipted by flie insertion of the human p- 

5 globin intron 2 sequence therein. Plasmid pCMV.TYKBGEJlYT was constructed in 
successive steps: (i) ttie TYR sequence ftom plasmid TOPO,TYR was sub-cloned in flie 
sense orientation as a Bgm-to-Bamm fiagment into 2?^fll-digested pCMVJBGD to make 
plasmid pCMV.TYILBCai, and (n) the TYR sequence fiom plasmid TOPO.TYR was sub- 
cloned in the antisense orientation as a BgM-to-BaniHl fragment into fiomHI-digested 

10 pCMV.TYR.BGI2 to make plasmid pCMV.TYR3GI2.RYT. 

p/nMmid pCAfV.TYR 

Plasmid pCMV.T5fR (Figure 14) contains a single copy of mouse tyrosinase d>NA 
sequence, expression of which is driven by the CMV promoter. Plasmid pCMV.TYR was 
15 constracted by cloning the TYR sequence from plasmid TOPO.TYR as a BamBH-to-Sgfll 
fiagment into 5amHI-digested pCMV.cass and selecting plasmids containing the TYR 
sequence m a sense orientation relative to the CMV promoter. 

PTn^mid pCh4V.TYR.Tm 

20 Plasmid pCMV.TYR.TYR (Figure 15) contains a direct repeat of the mouse tyrosinase 
cDNA sequence, expression of which is driven by the CMV promoter. Phismid 
pCMV.TYR.TYR was constracted by cloning the TYR sequence fiom plasmid 
TOPO.TYR as a 5amHI-to-5gflI fragment into BamHI-digested pCMV.TYR and selecting 
plasmids containing the second TYR sequence in a sense orientation relative to the CMV 

25 promoter. 
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3. Detection of co-suppression phenotype 

(a) Reduction of melanin pigmentation through PTGS of tyrosinase by insertion of a 
region of the tyrosinase gene into murine melanoma B16 cells 

5 

Tyrosinase is the major enzyme controlling pigmentation in mammals. If the gene is 
inactivated, melanin will no longer be produced by the pigmented B16 melanoma cells. 
This is essentially the same process that occurs in albino animals. 

10 Transfomiations were pa:fbnned in 6 well tissue culture vessels, hidividual wells were 
seeded with I x 10^ ceUs in 2 ml of RPMI 1640, 10% v/v FBS and incubated at 37**C, 5% 
v/v CO2 until the monolayer was 60-90% confluait, typically 16 to 24 hr. 

Subsequent procedures were as described above in Example 13, 3(a), except that B16 cells 
15 were incubated with the DNA liposome complexes at 37**C and 5% v/v CO2 for 3 to 4 hr 
only. 

Individual colonies of stably transfected B16 cells were cloned, maintained and stored as 
described in Example 10, above. 

20 

Thirty six clones stably transformed with pCMV.TYR.BGI2.RYT, 34 clones stably 
transformed with pCMV.TYR and 37 clones stably transformed with pCMV.TYR.TYR 
were selected for subsequent analyses. 

25 When the endogenous tyrosinase gene is post-transcriptionally silenced, melanin 
production in the B16 cells is reduced. B16 cells that would normally appear to contain a 
dark brown pigment wiU now appear lightly pigmented or unpigmented 



wo 01/70949 



PCT/AUOl/00297 



-83- 



(b) Vistiol monitoring of melanin production in transformed B16 cell lines 

To monitor melanin conteaat of transfonned cell lines, cells were trypsinized and 
inmsfened to media containing FBS to inhibit trypsin activity. CeUs were then counted 
5 with a haemocytometer and 2 x 10* cells transferred to a microfuge tube. Cells were 
collected by centrifiigation at 2,500 ipm for 3 min at room temperature and pellets 
examiaed visually. 

Five clones transformed withpCMV.TYILBGEJRYT, namely B16.2 1.11, B16 3.1.4, B16 
10 3.1 .15, B16 4.12.2 and B16 4.12.3, were considerably paler tiian the B16 omtrols CFigure 
16). Four clones transformed with pCMV.TYR (B16+Tyr 2.3, B16+Tyr 2;9, B16+Tyr 3.3, 
B16+Tyr 3.7 and Blfi+iy 4.10) and five clones transformed wifli pCMV.TYR.TYR 
(B16+TyrTyr 1.1, B16+TyrTyr 2.9, B16+TyiTyr 3.7, B16+TyrTyr 3.13 and B16+TyiTyr 
4.4) were also aignificantly paler than the B16 controls. 



15 



(c) Identification of melanin by staining according to Schmorl 



Specific diagnosis for the presence of cellular melanin can be achieved using a modified 
Schmori's melanin staining method (Koss, L.G. (1979). Diagnostic Cytology. J£. 
20 Lippincott, Philadelphia). Using this method, the presence of melanin in the cell is detected 
by a specific staining procedure that converts melanm to a greenish-black pigment. 

Cell populations to be stained were resuspended at a concentration of 500,000 cells per ml 
in RPMI 1640 medium. Volumes of 200 jil were dropped onto suiface-sterilized 

25 microscope sUdes and slides were incubated at 37«'C in a humidified atmosphere in 100 
mm TC dishes untU ceUs had adhered firmly. The medium was removed and cells were 
fixed by an: drying on a heating block at 37^ for 30 min then post-fixed with 4% w/v 
parafonnaldehyde (Sigma) in PBS for 1 hr. Fixed cells were hydrated by dipping in 96% 
v/v ethanol in distiUed water, 70% v/v ethanol, 50% v/v ethanol then distilled water. SHdes 

30 with adherent cells were left for 1 hr in a ferrous sulfete solution [2.5% w/v ferrous sulfite 
in water] then rinsed in four changes of distiUed water, 1 min each. Slides were left for 30 
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min in a solution of potassium ferricyanide [1% (w/v) potassium ferricyanide in 1 ((vAr) 
acetic acid in distilled water]. Slides were dipped in 1% v/v acetic acid (15 dips) then 
dipped in distilled water (15 dips). 

5 Cells were stained for 1-2 min in a Nuclear Fast Red preparation [0.1% wAr Nuclear Fast 
Red (C.L 60760 Sigma N«8002) dissolved wifli heating in 5% w/v ammonium sulfite in 
water]. Fixed and stained cells on slides were washed by dipping in distilled water (15 
dips). Cover slips were mounted on slides in glycerol/DABCO [25 mg/ml DABCO (1,4- 
diazabicyclo(2.2.2)octane (Sigma D 2522)) in 80 % vAr glycerol in PBS]. Cells were 

1 0 examined by bright field microscopy using a lOOx oil immersion objective. 

The results of staining with Schmorl's stain correlated with tfie sinq)le visual data 
illustrated in Figure 16 for all cell lines. When B16 cells were stained wifli ttie above 
procedure, melanin was obvious m most cells. In contrast, fewer cells stained for melanin 
15 in the transformed lines B16 2.1.11, B16 3.1.4, B16 3.1.15, B16 4.12.2, B16 4.12.3, B16 
Tyr 2.3, B16 Tyr 2.9, B16 Tyr 4.10, Bl 6 TyrTyr 1.1, B16 TyrTyr 2.9 and B16 TyrTyr 3.7, 
consistent with the reduced total tyrosinase activity obs^ed in these cell lines. 

(d) Assaying tyrosinase enzyme actmty in tramformed cell lines 

20 

Tyrosinase catalyzes the first two steps of melanin synthesis: the hydroxylation of tyrosine 
to dopa (dihydroxyphenylalanine) and the oxidation of dopa to dopaquinone. Tyrosinase 
can be measured as its dopa oxidase activity. This assay uses Besthom's hydrazone (3- 
methyl-2-benzothiazolinonehydrazone hydrochloride, MBTH) to trap dopaquinone formed 

25 by the oxidation of L-dopa. Presence of a low concentration of N,N'-dimethylformamide 
in the assay mixture renders the MBTH soluble and the mefliod can be used over a range of 
pH values. MBTH reacts with dopaquinone by a Michael addition reaction and forms a 
dark pink product whose presence is monitored using a spectrophotometer or plate reader. 
It is assumed that the reaction of the MBTH with dopaquinone is very rapid relative to the 

30 enzyme-catalyzed oxidation of L^iopa, The rate of production of the pink pigmait can be 
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used as a quantitative measure of enzyme activity (Winder and Harris, 1991; DutJdewicz et 
al, 2000). 

B16 cells and transfonned B16 cell lines were plated into individual wells of a 96-well 
5 plate in tripUcate. Constant numbers of cells (25,000) were transferred into individual 
wells and cells were incubated overnight Tyrosinase assays were performed as described 
below after ei&er 24 or 48 hr incubation. 

Individual wells were washed with 200 jil PBS and 20 jil of 0.5% v/v Triton X-100 in 50 
10 mM sodium phosphate hafifer (pH 6.9) was added to each well. CeU lysis and 
solubiUsation was achieved by freeze-thawing plates at -70X for 30 min. foUowed by 
incubating at room t«iq)erature for 25 min and ST'C for 5 min. 

Tyrosinase activity was assayed by adding 190 ^l freshly-prepared assay buffer (6.3 mM 
15 MBTH, 1.1 mM L-dopa, 4% v/v N,N*-dimethylformamide in 48 mM sodium phosphate 
buffer 7. 1)) to each welL Colour formation was monitored at 505 nm in a Tecan plate 
reader and data coUected using X/Scan Software. Readings were taken at constant time 
intervals and reactions monitored at room temperature, typically 22°C. Results were 
calculated as the average of enzyme activities as measured for the tripUcate samples. Data 
20 were analyzed and tyrosinase activity estimated at early time-points when product 
formation was linear, typically between 2 and 12 min. Results from these experiments are 
shown below in Tables 6 and 7. 
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T ABLE 6 



CeULine . 


Tyrosinase activity . 
■ (A OI> 505 nini^ / miii / 
• 2S,iW)04!ell5) 


Relative .tyrosinase^. 
.. activity compaxed'to 
.Bl6celb(%) ^ 


B16 


0.0123 


100 


B16 2.1.6 - 


0.0108 


87.8 


B16 2.1.11 


0.0007 


5.7 


B16 3.1.4 


0.0033 


26.8 


B16 3.1.15 


0.0011 


8.9 


B16 4.12.2 


0.0013 


10.6 


' B16 4.12.3 


0.0011 


8.9 


B16TyrTyrl.l 


0.0043 


34 


B16TyrTyr2.9 


0.0042 


34.1 


B16TyrTyr3.7 


0.0087 


70.7 


TABLE? 


GeULinie • 


•Tyrosinase activity . . 
(A Op 505 nin/niin/25i000 
cells) 


. Relative tyriasinase 
activity compared to . ; 
816 cells (%) 


B16 


0.0200 


100 


B16Tyr2.3 


0.0036 


182 


B16Tyr2.9 


0.0017 


8.7 


B16Tyr4.lO 


0.0034 


17.2 



These data showed that tyrosinase enzyme activity was inhftited in lines transfoimed with 
10 the constructs pCMV.TYR£GI2.RYT, pCMV.TYR and pCMV.TYR.TyR 
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4. Analysis hynudear^anscription run-on asstQ^s 

To detect transcription of the transgene RNAs in the nucleus of B16 cells, nuclear 
transcription run-on assays were performed on nuclei isolated fiom actively dividing cells. 
5 The nuclei were obtained accoiding to the cell nuclei isolations protocol set forth in 
Example 10, above. 

Analysis of the nuclear RNA transcripts for the transgene TYR.BGI2.RYr fiom the 
transfected plasmid pCMV.TYRBGI2 JIYT • and the endogenous tyrosinase gene is 
10 performed according to the nuclear transcription run-on protocol set fijrfli in Btanq)le 10, 
above. 

To estimate transcription rates of the endogenous tyrosinase gene in B16 cells and the 
transfonned lines B16 3.1.4 and B16 Tyr Tyr 1.1. nuclear transcription run-on assays were 
15 perfonned on nuclei isolated fiom actively dividing cells. The nuclei were obtained 
according to the cell nuclei isolation protocol set forth in Example 10, above, and run-on 
transcripts were labeUed with biotin and purified using streptavidin capture as outlined in 
Example 10. 

20 To deteraiine the transcription rate of the endogenous tyrosinase gene in the above cell 
lines, the amount of biotin-labeUed tyrosinase transcripts isolated fiom nuclear run-on 
assays was quantified ushig real time PGR reactions. The relative transcription rates of the 
endogenous tyrosinase gene were estimated by comparing the levels of biotin-labelled 
tyrosinase RNA to flie levels of a ubiquitously-expressed endogenous transcript, namely 

25 murine glyceraldehyde phosphate dehydrogenase (GAPDH). 

The levels of ejqiiession of botfi the endogenous tyrosinase and mouse GAPDH genes 
were detemiined in duplex PGR reactions. To peraiit quantitative interpretation of these 
data, a standard curve was generated using oligo dT^jurified RNA isolated fiom B16 cells. 
30 Oligo dT-purification was achieved uang Dynabeads mRNA DIRECT Micro Kit 
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according to the manufacturer's instructions (Dyaal). Results fiom these analyses 
shown in Table 8. 



TABIDS 

5 



C^ULine 


.. Tyrosinase And GAPDH RNA. levels 
in biotin-captured nii(a,ear. . . 
^ trianscription nihrpritSt^ 


RelatFve trahscriptibn 
rate of Tyrosinase 
gene --'i 




GiTYR" 


iCtGAiRpH: 






B16 


38.6 


27.2 


11.5 


1.00 


B16 3.1.4 


36.5 


24.4 


12.1 


0.65 


Bl6TyiTyr 1.1 


38.5 


262 


12.4 


0.59 



These data show clearly that rates of transcription fiom Ae endogenous tyrosinase gene in 
the nuclei of the two silenced B16 cell lines B16 3.1.4 and B16 TyiTyr 1.1. transfiwmed 
10 with pCMV.TYR3GI2JR.YT and pCMV.TYR.TYR, respectively, we not significantly 
different from the rate of transcription from the tyrosinase gene in nuclei of non- 
transformed B 16 cells. 

5. Comparison ofmRNA in non-transformed and co-suppressed lines 

15 

Messenger RNA for endogenous tyrosinase and RNA transcribed fiom the transggne 
TYR.BGI2 JIYT are analyzed according to the protocols set forth in Example 10, above. 

To obtain accurate estimates of tyrosinase mRNA levels in B16 and transfimned lines, real 
20 time PCR reactions were employed. Results from these analyses are shown in Table 9. 
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T ABLE 9 



Cell Line 


Tyrosinase and-.GAPDH nd 
olieo-dT purifiied itbtal 


If^A levels in 
ISl^As . 


Relative levels of ■, 
tyrosinase mBNA 




QTYR 


CtGAPDH 


• -A-Ct- 




B16 


33.5 


21.9 


11.7 


1.0 


B16 3.1.4 


33.8 


22.1 


11.7 


1.0 


B16 TyiTyr 1.1 


35.1 


23.0 


12.1 


0.7 



These data show clearly liiat the level of tyrosinase mRNA (as poly(A)RNA) in the two 
5 silenced B16 cell lines B16 3.1.4 and B16 TyiTyr 1.1, transfonned with 
pCMV.TYRJ3GI2JR.YT and pCMV.TYR.TYR, respectively, are not significantly differait 
fiom the level of tyrosinase mRNA in non-transfonned B16 cells. 



a. Southern analysis 

10 

Individual transgenic B16 cell lines are analyzed by Southern blot analysis to confirm 
integration and determine copy number of the transgene. The procedure is cairied out 
according to the protocol set forth in Example 10, above. 

15 EXAMPLE 15 

Co-suppression of tyrosinase in Mas musculus strains CS7BL/6 and 
CS7BL/6 X DBl hybrid in vivo 

1. Preparation of constructs 

20 

The interim plasmid TOPO.TYR and test plasmid pCMV.TYRBGrZJRYT were generated 
as described in Exanq)le 14, above. 
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2. Generation of transgenic mice 

Transgenic mice were generated throu^ genetic modification of pronuclei of zygotes. 
After isolation from oviducts, zygotes were placed on an injection naicroscope and the 
5 transgene, in the form of a purified DNA solution, was injected into the most visible 
pronucleus (U.S. Patent No. A873,191). ,^ ^ 

Pseudo-pregnant female mice were generated, to act as "recipient mothers", by induction 
into a hormonal stage that mimics pregnancy. Injected zygotes were then either cultured 

10 overnight in order to assess their viability, or transfetced immediately bade into the 
oviducts of pseudo-pregnant recipients. Of 421 injected zygotes, 255 were transferred 
Transgenic off-spring resulting from these injections are called •foundeis*'. To determine 
that the transgene has integrated into the mouse genome, off-spring are genotyped after 
weaning. Genotyping was carried out by PGR and/or by Southern blot analysis on genomic 

1 5 DNA purified from a tail biopsy. 

Founders are then mated to begin establishing transgenic lines. Founders and their 
offspring are maintained as separate pedigrees, since each pedigree varies in transgene 
copy number and/or chromosomal location. Therefore, each transgenic mouse generated 
20 by pronuclear injection is the founder of a new straiiL If the founder is female, some pups 
from the first letter are analyzed for transgene transmission. 

3. Detection of co-suppression phenotype 

25 Visual read-out of successfiil transgenic mice is an alteration to coat colour. Skin-cell 
biopsies are harvested from transgenic mice and cultured as primary cultures of 
melanocytes by standard methods (Bennett et al, 1989; Spanalds et al, 1992; Sviderskaya 
etal, 1995). 

30 The biopsy area of adult mice is shaved and the skin surfece-sterilized with 70% v/v 
ethanol then rinsed with PBS. The skin biopsy is removed under sterile conditions. 
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Sampling of skin from newborn mice isis done after sacrifice of the animal, wbich isis then 
ished in 70% v/v ethanol and rinsed in PBS. Skin samples are dissected under sterile 
conditions. 

5 All biopsies are stored in PBS in 6-well plates. To obtain single cell suspensions, PBS is 
pipetted ofiF and skin samples cut into small pieces (2x5 mm) with two sca^ls and 
incubated in 2x trypsin (5 mg/ml) in PBS at 3TC for about 1 hr for newborn samples and 
up to 15 br ia Ix trypsin (2.5 mgtod) at 4^C for samples of adult skin (0.5 g in 2.5 ml). 
This digestion separates q)idennis from dennis. Trypsin is replaced with RPMI 1640 
10 medium to stop enzyme activity. The epidermis of each piece is separated with fine forcq)S 
(sterile) and isolated epideraial samples are collected and pooled in Ix tcypsui in PBS. 
Single cell suspensions are prepared by pipetting and separated cells are collected in RPMI 
1640 medium. Trypsinizadon of epidermal samples can be repeated. Pooled epidemial 
cells are concentrated by gentle centrifogation (1000 rpm for 3 min) .and resuspended hi 
15 growth medium [RPMI 1640 with 5% v/v FBS, 2 mM L-glutamme, 20 units/inl penicillm, 
20 jxg/ml streptomycin plus phoibol 12-'myristate 13-acetate (PMA) 10 ng/ml (16 nM) and 
cholera toxin (CTX) 20 ng/ml (1.8 nM)], Suspensions are transferred to T25 flasks and 
incubated without disturbance for 48 hr. Medium is changed and unattached cells removed 
at 48 hr. After a further 48-72 hr incubation, the medium is discarded, the attached cells 
20 ished with PBS and treated with Ix trypsin in PBS. Melanocytes become preferentially 
detached after this treatment and the detached cells are transferred to fresh medium in new 
flasks. 

Melanocytes in tissue culture are easily distinguishable from keratinocytes by their 
25 morphology. Keratinocytes have a round or polygonal shape; melanocytes appear bipolar 
or polydendritic. Melanocytes may be stamed by Schmorl's method (see Example 14, 
above) to detect melanin granules. In addition, samples of cultures grown on cover slips 
are investigated by unmunofluorescence labelling (see Exan5)le 10, above) wifli a primary 
murine monoclonal antibody against MART-1 (NeoMarkers MS-614) which is an antigen 
30 found in melanosomes. This antibody does not cross-react with cells of epiflielial, 
lymphoid or mesenchymal origin. 
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4. Analysis by nuclear transcription run-^n assays 

To detect transcription of the tyrosinase endogenous gene and transgene RNAs in the 
5 nucleus of primary culture melanocytes, nuclear transcription run-^n assays are 
performed on cell-free nuclei isolated ftom actively dividing cells, according to the ceU 
nuclei isolation protocol set forth in Exaiiq>le 10, above. 

Analysis of nuclear RNA transcripts for the tyrosinase endogenous gene and the transgene 
10 from the transfected plasmid pCMV.TYR.BGI2JlYT are performed according to the 
nuclear transcription run-on protocol set forth in Example 10, above. 

5, Comparison ofmBNA in non-transformed and co-suppressed Unes 

15 Messenger RNA for endogenous tyrosinase and RNA transcribed from the transgene 
TYR.BGI2.RYT are analyzed according to the protocols set forfh in Example 10, above, 

6. Southern analysis 

20 Primary culture melanocytes are analyzed by Southern blot analysis to confirm integration 
and determine copy number of the transgene. This is carried out according to the protocol 
set forth in Example 10, above. 
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EXAMPLE 16 
Co-suppression of tx-l,3,-galact05yl transferase (Gail) in 
Mm musculus strain C57BI/6 in vivo 



5 1. Preparation of geneHc constructs 
(a) PlasmidTOPO.GALT 

Total RNA was purified ftom cultured murine 2.3D17 neural cells and cDNA prq)ared as 
10 described in Example 11. 

To amplify the 3'-UTR of the murine a-l,3,-galactosyl transferase (GalT) gene, 2 |il of 
this mixture was used as a substrate for PCR amplification using tiie primers: 

15 GALT-F2: CAC AGACAG ATCTCTTCAGG[SEQIDN0:11] 

and 

GALT-Rl: ACT TTA GAG GGA TCC AGC AC [SEQ ID N0:12]. 

The PGR amplification was performed using HotStarTaq DNA polymerase according to 
20 the manufecturer's protocol (Qiagen). PCR amplification conditions involved an initial 
activation step at 95°C for 15 mins, foUowed by 35 amplification cycles of 94«C for 30 
sees, 55°C for 30 sees and 72°C for 60 sees, with a final elongation step at ITC for 4 
mins. 

25 The PGR amplified region of GalT was column purified (PGR purification column. 
Qiagen) and then cloned into pCR2.1-T0P0 according to the manufijcturer's instructions 
(Invitrogea), to make plasmidTOPO.GALT. 



wo 01/70949 



PCT/AUOl/00297 



-94- 

(b) Testplasmid 

Plasmid vCI4VGALT.BGI2.TLAG 

Plasmid pCMV.GALTBGI2.TIAG (Figure 17) contains an inverted repeat, or 
5 palindrome, of a region of the Murine 3'UTR GalT gene that is interri5)ted by the insertion 
of the human p-globin intion 2 sequence therein. Plasmid pCMV.GALT3GI2.TIAG was 
constructed in successive stqps: (i) flie GALT sequence ftom plasmid TOPO-GALT was 
sub-cloned in the sense orientation as a jBgflDL-to-JamHI fragment into Jgfll-digested 
pCMV.BGI2 to make plasmid pCMV.GALTJBGE, and (ii) the GALT sequence from 
10 plasmid TOPO.GALT was sub-cloned in tiie antisense orimtation as a BgUl-to-BcaxiSL 
fragment into 5amHI-digested pCMV.GALT.BGI2 to make plasmid 
pCMV.GALT.BGI2.TLAG. 

2. Generation of transgenic mice 

15 

Transgenic mice were generated through genetic modification of pronuclei of zygotes. 
After isolation from oviducts, zygotes were placed on an injection microscope and the 
transgene, in the form of a purified DNA solution, was injected into flie most visible 
pronucleus (US patent number 4,873,191). 

20 

Pseudo-pregnant female mice were generated, to act as **recipient mothers", by induction 
into a hormonal stage that mimics pregnancy. Injected zygotes were then either cultured 
overnight in order to assess their viability, or transferred immediately back into the oviduct 
of pseudo-pregnant recipients. Of 99 injected zygotes, 25 were transferred. Transgenic off- 
25 spring resulting fix)m these injections are called "founders". To determine that the 
transgene has integrated into the mouse genome, oflF-spiing are genotyped after weaning. 
Genotyping was carried out by PGR and/or by Southern blot analysis on genomic DNA 
purified fi:om a tail biopsy. 

30 Founders are then mated to begin establishing transgenic lines. Founders and their 
ofispring are maintained as s^arate pedigrees, since eadi pedigree varies in transgene 
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copy number and/or chromosomal location. Therefore, each transgenic mouse generated 
by pronuclear injection is the founder of a new strain. If the founder is female, some pups 
bom the first letter are analyzed for transgene transmission. 

5 3. Detection of co-suppression phenotj^e 

The enzyme a-U.-galactosyl transftaase (GalT) catalyzes the addition of galactosyl sugar 
residues to cell surfece proteins in cells of aU mammals except humans and other primates. 
The epitope enabled by the action of GalT is the predominant antigen responsible far the 
10 rejection of xenotransplants in humans. Cytological analyses of GalT expression levels in 
peripheral blood leukocytes (PBL) and splenocytes using FACS confinns the down 
regulation of the gene's activity. 

Ar.n] Y.^i<! nfPerivheral Blood Leukocytes and Splenn rytpji from transonic mice by FACS 
1 5 To analyze cells fiom transgenic mice transfonned with the GalT constmct, FACS assays 
on peripheral blood leukocytes (PBL) and splenocytes are undertaken. White blood cells 
are the most convenient source of tissue for analysis and these can be isolated fiom either 
PBL or splenocytes. To isolate PBL, mice are bled from an eye and 50 to 100 jil of blood 
collected into heparinized tubes. The red blood cells (RBCs) are lysed by treatment with 
20 NH4CI buffer (0.168M) to recover the PBLs. 

To obtain splenocytes,. animals are euthanased, the spleens removed and macerated and 
RBCs lysed as above. The generated splenocytes are cultured in vitro in the presence of 
interleukin-2 (IL-2; Sigma) to generate short tenn T cell cultures. The ceUs are then fixed 

25 in 4% w/v PFA in PBS. All steps are perfonned on ice. GalT activity can be most 
convenientiy assayed using a plant lectin (084; Sigma), which binds specifically to 
galactosyl residues on cell surfece proteins. GalT is detected on the ceU surfece by binding 
IB4 conjugated to biotin. The leukocytes are then treated with stieptavidin conjugated to 
Cy5 fluorophore. Another cell marker, the T ceU specific glycoprotein Thy-1, is labeUed 

30 with a fluorescein isothiocyanate-conjugaled antibody (FTTC; Sigma). The leukocytes are 
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incubated in a mixture of the reagents for 30 min to label the cells. After washing, the cells 
are analyzed on the FACScan. (Tearle, R.G. et al., 1996). 

4. Analysis by nuclear transcription run-on assays 

5 

To detect traoscription of transgene RNAs in ttie nucleus of qplenocytes, nuclear 
transcription run-on assays are performed on cell-free nuclei isolated from actively 
dividing cells. In vitro culturing of splenocytes in the presence of IL-2 generates short term 
T cell cultures. The nuclei are obtained according to flie cell nuclei isolation protocol for 
10 sxispension cell cultures, set fortti in Example 10 above. 

Analysis of nuclear RNA transcripts for the GalT endogenous gene and the transgene from 
the transfected plasmid pCMV.GALT.BGI2.TIAG is perforaied according to the nuclear 
transcription run-on protocol set forth in Example 10, above. 

15 

5. Comparison ofmRNA in non-transformed and co-suppressed lines 

Messenger RNA for endogCTious GalT and RNA transcribed from the transgene 
20 GALT.BGI2.TLAG are analyzed according to the protocols set forth in Example 10, 
above. 

6. Southern analysis 

25 Individual transgenic splenocyte cell hues are analyzed by Southern blot analysis to 
confirm integration and determine copy number of the transgenes. This is carried out 
according to the protocol set forth in Example 10, above. 
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EXAMPLE17 

Co-suppression of mouse thymidine kinase in NIH/3T3 cells in vitro 

Cells produce ribonucleotides and deoxyribonudeotides via two pathways - de novo 
5 synthesis or salvage syn&esis. De novo synthesis is the assembly of nucleotides fiom 
simple compounds such as amino acids, sugars, COj and NHs- Hie precursors of purine 
and pyrimidine nucleotides, inosine 5*-monoph6sphate (IMP) and uridine 5'- 
monophosphate (UMP) respectively, are produced first by this pathway. De novo synthesis 
of IMP and thymidine 5'-monophosphate (TMP) requires tetrahydrofialate derivatives as 
10 co-factors and de novo syntiiesis of these nucleotides is blodced by the antifolate 
aminopterin which inhibits dihydrofolate reductase. Salvage synfliesis refisrs to enzymatic 
reactions that convert free preformed purine bases or thymidine to their corresponding 
nucleotide monophosphates (NMP). When de novo synthesis is blocked, salvage enzymes 
enable flie cell to survive while pre-fonned bases are present in the medium. 

15 

Mammalian cells normally express several salvage enzymes includii^ thymidine kinase 
(TK) which converts thymidine to TMP. The drug 5-bromo-2'-deoxyuridine (BrdU; 
Sigma) selects cells that lack TK. Id ceUs with functioning TK, the enzyme converts the 
drug analogue to its corresponding 5'-monophosphate which is lethal when mcorporated 
20 into DMA. Convasely, cells lacking TK expression are unable to grow in HAT medium 
(life Technologies) which contains both aminopterin and thymidine. The first fector in Ihe 
siqjplement blocks de novo synthesis of NMPs and the second provides a substrate fan the 
TK salvage pathway so tiiat cells with that padiway intact are able to survive. 

25 1. Culturing of NIH/3T3 cell lines 

Cells of the murine fibroblast-like line N1H/3T3 (ATCC CRI/-1658) were grown as 
adherent monolayers in DMEM, supplemented with 10% v/v FBS and 2 mM L-glutamine 
as described in Example 10, above. Cells were routinely grown in incubators at 37**C in an 
30 atmosphere containing 5% v/v CO2. 
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2. Pr^aration of genetic constructs 

(a) Interim Plasmid 

5 Plasmid TOPO.MTK 

A region of the murine thymidine kinase gene was amplified by PCR using murine cDNA 
as a template. The cDNA was prepared fix>m total RNA isolated firom the murine 
melanoma line, B16, Total RNA was purified as described in Example 14, above. Murine 
thymidine kinase sequences wm amplified using the primers:- 

10 

MTKl : AGA TCT ATT TTT CCA CCC ACG GAG TCT CGG [SEQ ID N0:13] 
and 

MTK4: GGA TCC GCC ACG AAC AAG GAA GAA ACT AGC [SEQ ID N0:14]. 

15 The amplification product was cloned into pCR (registered trademark) 2.1-TOPO to create 
the intermediate clone TOPOMTK- 
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(b) TestPlasmid 

Plajsmid r)CMVMnLBGI2.Km 

Plasmid pCMVMnLBGI2.KTM (Figure 18) contains an inverted rq)eat or palindrome of 
5 the murine thymidine kinase coding region that is interrupted by the inseation of the human 
p.gIobin intron 2 sequmce flierein. Plasmid pCMV.MTKJBGI2 JCTM was constructed in 
successive steps: (i) the MTK sequence fix)m plasmid TOPOMIK was sub-cloned in ttie 
sense orientation as a Bg/II-to-JJamHI fragment into figfll-digested pCMVBGCcass 
(Example 11) to make plasmid pCMVMnLBGIZ, and (ii) the MTK sequence finom 
10 plasmid TOPO,MTK was sub-cloned in the antisense orientation as a 5gflI-to-J5amHI 
fragment into 5amHI-digested pCMVMTK-BGEZ to make plasmid 
pCMVMnLBGI2.KTM- 

3. Detection of co-suppression phenotype 

15 

(a) Insertion ofTK-expressing transgene into NIH/3T3 cells 

Transformations were performed in 6-well tissue culture vessels. Individual wells were 
seeded with 1 x 10^ cells in 2 ml of DMEM, 10% v/v FBS and incubated at 5% v/v 
20 CO2 until the monolayer was 60-90% confluent, typically 16 to 24 hr. 

Subsequent procedures were as described above in Exanq)le 13, 3(a), excqpt that NIH/3T3 
cells were incubated with the DNA liposome conqplexes at ZTQ and 5% v/v CX>2 for 3 to 4 
hronly. 

25 

(b ) Post'transcriptional silencing of the mouse TKgene in NIH/3T3 cells 

NIH/3T3 cells with PTGS of TK are able to. tolerate addition of BrdU (NeoMarkers) to 
their normal growth medium at levels of 100 }ig/inl and continue to rephcate under this 
30 regime. Populations of similarly treated control NIH/3T3 cells cease to rephcate and cell 
nimibers do not increase after culture for seven days in BrdU-containing medium. Control 



wo 01/70949 



PCT/AUOl/00297 



-100- 



NIH/3T3 cells are able to iq)licate in growth medium containing Ix HAT si^plemeat, 
while cells with PTGS of TK are unable to grow under these conditions. Further evidence 
of PTGS of is obtained by monitoring incorporation of BrdU in Ihe nucleus via 
immunofluorescence staining (see Exanq>le 10, above) of the cell using a monoclonal 
5 antibody directed against BrdU. Clones that fiilfil all criteria - 0) resistance to the leflial 
effects of BrdU; (ii) loss of flie nucleotide salvage pathway, and (iii) lade of inoorporalion 
of BrdU in the nucleus - undergo direct testing of PTGS via nuclear transcription runron 
assays. 

10 4. Analysis by nuclear transcr^tion run-on assays 

To detect transcription of the transgene RNA in the nucleus of NIH/3T3 cells, nuclear 
lianscription nm-on assays are performed on ceU-free nuclei isolated from actively 
dividing cells. The nuclei are obtained according to the ceU nuclei isolation protocol set 
15 forth in Example 10, above. 

Analysis of the nuclear KNA transcripts for the transgene MTJLBGEJKTM from the 
transfected plasmid pCMYMTKLBOnJCTM and the endogenous TK gene is performed 
according to the nuclear transoiption nm-on protocol set forth in Exanq)le 10, above. 



20 



25 



5. Comparison ofmRNA in non-transformed and co-suppressed lines 

Messenger RNA for endogenous TK and RNA transcribed from the transgene 
MTKJBGI2.KTM are analyzed according to the protocols set forth in Exan^ile 10, above. 

6. Southern analysis 



Individual transgenic NIH/3T3 ceU lines are analyzed by Southern blot analysis to confinn 
integration and determine copy number of the transgene. The procedure is carried out 
30 according to the protocol set forth in Exanq)le 10, above. 
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EXAMPLE 18 
Co-suppression ofHER-2 in MDA-MB-468 cells in vitro 

HER-2 (also designated neu and erbB-2) encodes a 185 kDa transmembrane receptor 
tyrosine kinase that is constitutively activated at low levels and diq)lays potent oncogenic 
activity when over-expressed. HER-2 protein over-expression occurs in about 30% of 
invasive human breast cancers. The biological ftmction of HER-2 is not weU understood. It 
shares a common structural organisation with other members of the epidermal growth 
fector receptor femily and may participate in similar signal transduction pafliways leading 
to changes in cytoskdeton reorganisation, cell motihty, protease expression and cell 
adhesion. Over-expression of HER-2 in breast cancer cells leads to increased 
tumorigenicity, invasiveness and metastatic potential (Slamon a d., 1987). 

1. CulturingofcdlUnes 

Hviman MDA-MB-468 cells were cultured in RPMI 1640 supplemented witti 10% v/v 
FBS. Cells were passaged twice a week by treating with trypsin to release cells and 
transferring a proportion of the culture to fresh medium, as described in Example 10, 
above. 

2. Preparation of gaietic constructs 

(a) Interim Plasmid 

25 PlnsniidTOPOmR-2 

A region of the human HER-1 gene was amplified by PGR using human cDNA as a 
template. The cDNA was prepared fi»m total RNA isolated from a human breast tumour 
line, SK-BR-3. Total RNA was purified as described in l&cample 14, above. Human HER-1 
sequences were amplified using the primos:- 

30 



15 



20 
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Hl : CrC GAG AAG TGT GCA CCG GCA CAG ACA TG [SBQ ID N0:15] 

and 

H3 : GTC GAC TGT GTT CCA TCC TCT GCT GTC AC [SEQ ID NOilfiJ. 

5 The amplification product was cloned into pCR (re^stered tradcmaik) 2.1-TOPO to create 
the intermediate clone TOPOflER-2. . . 

(b) TestPlasmid 

10 PIoMmid dCMV HER2.BGI2.2REH 

Plasmid pCMV.HER2JBGI2.2REH (Figure 19) contains an inverted repeat or palindrome 
of the HHEl-2 coding region that is interrupted by the insertion of the human p-globin 
intron 2 sequence therein. Plasmid pCMVJIER2.BGI2.2REH was constructed in 
successive steps: (i) the HER-2 sequence from plasmid T0P0.HER2 was sub-cloned in the 

15 sense orientation as a SaRIXhol fragment into Sbfl-digested pCMV.BGI2.cass (Example 
11) to make plasmid pCMV.HER2.BGI2, and (ii) the HER2 sequence from plasmid 
TOPO.HHW was sub-cloned in the antisense orientation as a SaWXhol fragment into 
J0ioI-digestedpCMVJffiR23GI2 to make plasmid pCMVJIER2.BGI2.2REH 

20 5. Determination of on-^ of co-suppression 

(a) Transfection of HER-2 constructs 

Transformations were performed in 6-weU tissue culhire vessels. Individual wells were 
25 seeded with 4 x 10^ MDA-MB-468 cells in 2 ml of RPMI 1640 medium, 10% v/v FBS and 
incubated at SrC, 5% v/v CO2 until the monolayer was 60-90% confluent, typically 16 to 
24 hr. 

Subsequent procedures were as described above in Example 13, 3(a), except that MDA- 
30 MB^ cells were incubated with the DNA liposome con:q)lexes at 3TC and 5% vAr CO2 
for 3 to 4 hr only. Thirty-six transformed cell lines wrae isolated for subsequent analysis. 



wo 01/70949 



PCT/AUOl/00297 



-103- 



(b) Post-transcriptional silencing ofHER-2 in MDA-MB-468 cells 

MDA-MB-468 cells over-express and PTGS of the geae in gsnetidn-selected 

5 clones derived from this cell line are tested initially by immunofluorescajce labelling of 
clones (see Example 10, above) with a primary murine monoclonal antibody directed 
against the extraceUular domain of HER-2 protein (Transduction Laboratories and 
NeoMaricers). Comparison of HBR-2 protein levels among (i) MDA-MB-468 cells; (ii) 
clones exhibiting evidence of PTGS of the gene, and (iii) control human ceU lines, are 
10 undertaken via western blot analysis (see below) with the anti-HER-2 antibody. Qones 
that fulfil tiie criterion of absence of expression of HER-2 protein undergo direct testing of 
PTGS via nuclear transcription run-on assays. 

To analyze HER-2 expression in MDA-MB-468 cells and transformed lines, ceUs were 
IS examined using immunofluorescent labelling as described in Example 10. The primary 
antibody was a mouse Anti-eibB2 monoclonal antibody (Transduction Laboratories, Cat 
No. E19420, an IgG2b isotype) used at 1/400 dilution; the secondary antibody was Alexa 
Fluor 488 goat anti-mouse IgG (H+L) coqugate (Molecular Probes, Cat. No. A-llOOl) 
used at 1/100 dilutioa As a negative control, MDA-MB-468 cells (parental and 
20 transfonned lines) were probed with Alexa Fluor 488 goat anti-mouse IgG (H+L) 
conjugate only. 

Several MDA-MB-468 ceU lines transfonned with pCMV JIER2BGI2.2REH were found 
to have reduced immunofluorescence, exanq>les of which are iltastrated in Figures 20A 
25 20B,20Cand20D. 

(c) FACS analysis to define cell lines showing reduced expression ofHer-2 

To detemiine the level of expression of HER-2 in transfonned ceU lines, qjproximately 
30 500,000 cells grown in a 6-weU plate were washed twice with 1 x PBS then dissociated 
with 500 nl ceU dissociation solution (Sigma C 5789) according to die manufiicturer's 
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instructions (Sigma). Cells were transferred to medium in a mictocentrifoge tube and 
collected by ceatifiigation at 2,500 ipm for 3 min. The si^ematant was removed and cdls 
resuspended in 1 ml 1 x PBS. 

5 For fixation, cells were collected by centrifiigation as above and suspended in SO ^l PBA 
(1 X PBS, 0.1 % w/v BSA fraction V (Trace) and 0.1 % w/v sodium azide) followed by tiie 
addition of 250 |il of 4 % w/v paraformaldehyde in 1 x PBS. and incubated at 4"C for 10 
min. To permeabilize cells, cells were collected by centtifugation at 10,000 rpm for 30 sec, 
flie supernatant removed and cells suspended in 50 fil 0.25 % wfy sapomi (Sigma S 4521) 

10 in PBA and incubated at 4'C for 10 min. To block cells, cells were collected by 
centrifiigation at 10,000 ipm for 30 sec, the supernatant ranoved and cells suspended in 50 
}il PBA, 1 % v/v FBS and mcubated at 4'C for 10 min. 

To quantify HER-2 protein, fixed, permeabilized cells were probed wifli Anti-eibB2 
15 monoclonal antibody (Transduction Laboratories) at 1/100 dilution followed by Alexa 
Fluor 488 goat anti-mouse IgG conjugate (Molecular Probes) at 1/100 dihxtion. Cells were 
then analysed by FAGS using a Becton Dicldnson FACSCaUbur and Cellquest software 
(Becton Dickinson). To estimate true background fluorescence values, unstained MDA- 
MB-468 cells were probed with an irrelevant primary antibody (MART-1, an IgG2b 
20 antibody (NeoMaikers)) and the Alexa Fluor 488 secondary antibody, both at 1/100 
dilutions. Examples of FACS data are shown in Figures 21A, 21B and 21C. Results of 
analyses of all cell lines are compiled in Table 10. 
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TABLEIO 





"Meaiii- r 


^Peometric iQeaii ' 


Mediaii • ■ : 




v PludTescence ./ 




Floorescieiice. 


MDA-MB-468 (control. 1) 


5.07 


4.72 


4.78 


MDA-MB-468 fcoiitn)1.2) 


137.24 


121.68 


117.57 


MDA-MB-468 


1224.90 


1086.47 


1175.74 


MDA-MB'468 1.1 


1167.94 


1056.17 


1124.04 


MDA-MB-468 1.4 


781.72 


664.67 


673.17 


MDA-MB-468 1.5 


828.34 


673,82 


710.50 


MDA-MB-468 1.6 


925.16 


807.09 


850.53 


MDA-MB-468 1.7 


870.81 


749.27 


791.48 


MDA-MB-468 1.8 


1173.92 


938.72 


1124.04 


MDA-MB-468 1.10 


701.24 


601.84 


604.30 


MDA-MB-468 1.11 


1103.18 


980.10 


1064.99 


MDA-MB-468 1.12 


817.39 


666.61 


710.50 


MDA-MB-468 2.5 


966.72 


862.76 


905.80 


MDA-MB-468 2.6 


752.70 


633.49 


649.38 


MDA-MB-468 2.7 


842.00 


677.15 


716.92 


MDA-MB-468 2.8 


986.05 


792.13 


881.68 


MDA-MB-468 2.9 


802.36 


686.06 


716.92 


MDA-MB-468 2.10 


1061.79 


944.49 


1009.04 


MDA-MB-468 2.12 


931.63 


790.81 


820.47 


MDA-MB-468 2.13 


894.47 


792.46 


827.88 


MDA-MB-468 2.15 


1052.87 


946.79 


1009.04 


MDA-MB-468 3.1 


1049.88 


931.96 


991.05 


MDA-MB-468 3.2 


897.00 


802.43 


842.91 


MDA-MB-468 3.4 


981.63 


858.95 


913.98 


MDA-MB-468 3.5 


1072.00 


930.17 


982.17 


MDA-MB-468 3.7 


1098.95 


993.26 


1036.63 


MDA-MB-468 3.8 


1133.86 


1026.31 


1074.61 


MDA-MB-468 3.9 


831.73 


729.32 


763.51 


MDA-MB-468 3.12 


1120.82 


998.67 


1064.99 


MDA-MB-468 3.13 


1039.41 


963.71 


1036.63 


MDA-MB-468 4.5 


770.93 


681.01 


697.83 


MDA-MB-468 4.7 


838.16 


752.74 


784.39 


MDA-MB-468 4.8 


860.76 


769.51 


813.12 


MDA-MB-468 4.10 


1016.21 


904.69 


947.46 


MDA-MB-468 4.11 


870.10 


776.73 


813.12 


MDA-MB-468 4.12 


986.93 


857.20 


913.98 


MDA-MB-468 4.13 


790.41 


712.25 


743.18 


MDA-MB-468 4.14 


942.36 


842.34 


873.79 


MDA-MB-468 4.16 


771.81 


677.69 


697.83 
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••MDA-MB-468 controLl" is MDA-MB-468 cells without staining - neither primary nor 
secondary antibody. "MDA-MB-468 control" is MDA-MB-468 cells stained with 
irrelevant primary antibody MART-1 amd the Alexa Huor 488 secondary antibody. All 
other cells, as described, were stained with ADti-erbB2 primary antibody and Alexa Huor 
5 488 secondary antibody. 

These data showed that MDA-MB-468 cells transformed witii pCMVJffiR2JBGI22REH 
have significantly reduced expression of HER-2 proteiiL 

10 4. Anafysis by nuclear transcription run-on asst^ 

To detect transcription of the transgene RNA in the nucleus of MDA-MB-468 cells nuclear 
transcription run-on assays are performed on cell-fi?ee nuclei isolated fiom actively 
dividing cells. The nuclei are obtained according to flie cell nuclei isolation protocol set 
1 S forth in Example 10, above. 

Analysis of nuclear RNA transcr^ts for the transgene HER2.BGI2.2REH and the 
endogenous HER-2 gene is performed according to tfie nuclear transcription run-on 
protocol set forth in Example 10, above. 

20 

5. Comparison ofntRNA in non-transformed and co-suppressed lines 

Messenger RNA for the endogenous HER-2 gene and RNA transcribed fiom the transgene 
HER2JBGI2.2REH are analyzed according to the protocols set forth in Example 10, above. 

25 

6. Southern anafysis 

Individual transgenic NIH/3T3 cell lines are analyzed by Southan blot analysis to confinn 
integration and determine copy number of the transgene. The procedure is carried out 
30 according to the protocol set forfli in Example 10, above. 
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7. Western blot anafysis 

Selected clones and control MDA-MB-468 cells are grown overnight to near-<»nfliience 
on 100 nun TC plates (10^ cells). Cells in plates are first washed with buffer containmg 

5 phosphatase inhibitors (50 mM Tris-HCl pH 6.8, 1 mM Na4P207, 10 mM NaF, 20 \jM 
Na2Mo04, 1 niMNa3V04), and then scrsqped fi^ni the plate in 600 |il of lysis buffer (50 
mM Tris-HCl pH 6.8, 1 mM Na4P207, 10 mM NaF, 20 jiM Na2Mo04, 1 mM Na3V04, 2% 
w/v SDS) which has been heated to lOO^'C. Suspensions are incubated in SCTew-c8?>ped 
tubes at 100°C for 15 min. Tubes with lysed cells are centrifoged at 13,000 rpm for 10 

10 min; supernatant extracts are removed and stored at -20°C. 

SDS-PAGE 10% v/v separating and 5% v/v stacking gels (0.75 mm) are prepared in a 
Protean apparatus (BioRad) using 29:1 acrylamideibisacrylamide (Bio-Rad) and Tris-HCl 
buffers at pH 8.8 and 6,8, respectively. Volumes of 60 jil firom extracts are combined with 

15 20 \il of 4x loading buffer (50 mM Tris-HCl pH 6.8, 2% w/v SDS, 40% v/v glycerol, 
bromophenol blue and 400 mM dithiothreitol added before use), heated to lOO^'C for 5 
min, cooled then loaded into wells before the gel is run in the cold room at 120V until 
protein samples ento: the separating gel, then at 240V. Separated proteins are transferred to 
Hybond-ECL nitrocellulose membranes (Amersham) using an electcoblotter ^Bio-Rad), 

20 according to maimfacturer's instructions. 

Membranes are rinsed in TBST bufiSsr (10 mM Tris-HCl pH 8.0, 150 mM NaCl, 0.05% v/v 
Tween 20) then blocked m a dish in TBST with 5% w/v skim milk powd^ plus 
phosphatase inhibitors (1 mM Na^PiO?, 10 mM NaF, 20 ^M Na2Mo04, 1 mM Na3V04). 

25 Membranes are incubated in a small volume in TBST with 2.5% w/v skim milk powder 
plus phosphatase inhibitors containing a mouse monoclonal antibody against the BCD of 
HER-2 (Transduction Laboratories, NeoMarkers) diluted 1:4000. Membranes are washed 
three times for 10 min in TBST with 2.5% w/v skim milk powder plus phosphatase 
inhibitors. Membranes are incubated in a small volume in TBST with 2.5% w/v skim milk 

30 powder plus phosphatase inhibitors containing the horse radish peroxidase conjugated 
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secondary antibody diluted 1:1000. Membranes are washed three times fi>r 10 min in 
TBST with 2.5% w/v skim milk powder phis phosphatase inhibitors. 

The presence of HER-2 protein is detected using the ECL Inminol-based system 
5 (Amersham), according to manufecturer's instructions. Stripping of membranes for 
detection of a second control protraa is done by incubating membranes for 30 min at 55°C 
in 100 ml of stripping buffer (62 mM Tris-HQ pH 6.7, 2% w/v SDS, 100 mM fieshly 
prepared 2-mercaptoethanol). 

10 EXAMPLE 19 

Co-suppression ofBrn-2 in MM96L mdanoma cells in vitro 

The Bm-2 transcription factor belongs to a class of DNA binding proteins, teraied Oct- 
factors, whidi q)ecifically interact witii the octamer control sequence ATGCAAAT. All 
15 Oct-factors belong to a femily of proteins that was originally classified on die basis of a 
conserved region essential for sequence-specific, high affinity DNA binding termed the 
POU domain. The POU domain is present in fliree mammalian transcription factors, Pit-1, 
Oct-1 and Oct-2 and in a developmental control gene in C. elegans, unc-86. Additional 
POU proteins have been described in a number of spedes and these are expressed in a cell- 
20 lineage specific manner. The bm-2 gene appears to be involved in the development of 
neuronal pafliways in the anbryo and die Bm-2 protein is present in the adult brain. 
Electromobility shift assays OEMSAs) of nuclear extracts from cultured mouse neurons and 
fixjm tumoure of neural crest ori^ have detected a number of Oct-fector proteins. These 
include N-Oct-2, N-Oct-3, N-Oct-4 and N-Oct-5. It has been shown that N-Oct-2, N-Oct-3 
25 and N-Oct-5 are also differentially expressed in human melanocytes, melanoma tissue and 
melanoma ceU lines, all derived fix)m the neural crest lineage. The bm-2 genomic locus is 
known to encode the N-Oct-3 and N-Oct-5 DNA binding activities. N-Oct-3 is present in 
all melanoma cells tested so far including the MM96L line employed in these experiments. 
When expression of Bm-2 protein is blocked, N-Oct-3 DNA-binding activity is lost, and 
30 there are additional downstream effects including changes in cell morphology, a loss of 
expression of elemaits of the melanogenesis/pigmentation pathway and losses of neural 
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crest markers and other markers of the melanocytic lineage. Melanoma cells wifliont Bmr2 
are no longer tumoii^snic in immunodefident mice (Thomson et d., 199S). 

1. CuUttrtng of cell tines 

5 

Cells of the MM96L line, derived from htunan melanoma, were grown as adherent 
monolayers in RPMI 1640 medram sv5>planented wifli 10% vA' FBS and 2 mM L- 
glutamine, as described in Example 10, above. 

10 2. Preparation of genedc constructs 

(a) Interim plasmid 
Plnfmid TOPO.BRN-2 

15 A region of the hmnan Bm-2 gene was amplified by PGR, uang a human Bm-2 genomic 
clone, using the primers:- 

AGA TCT GAG AGA AAG AGG GAG CGA GGA GAG [SEQ ID N0:17] 

GGA TTG AGT GCG GGT CGT GGT GCG CGC GTG [SEQ ID N0:18]. 

The anq)lification product was cloned into pCR (registered trademark) 2.1-TOPO to create 
the intamediate clone TOPO.BRN-2. 

25 (b) Test plasmid 

Pln^nrf pr.MV.BRN2.BGI2.2NRB 

Plasmid pCMV.BRN2BGI2.2NEy3 (Figure 22) contains an inverted repeat or palindrome 
of the BRN-2 coding region that is interrupted by the insertion of the human p-globin 
30 intron 2 sequence therein. Plasmid PCMVJBKN2BGI2.2NRB was constructed in 
successive steps: (i) flie BRN2 sequence fiom plasmid TOPOJ3RN2 was sub-cloned in the 



bml: 
and 
20 bm4: 
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sense oriOTtation as a 5gflI-to-J5amHI fragment into Bg/II-digested pCMV£GI2.cass 
(Example 11) to make plasmid pCMV.BKN2BGI2), and (ii) the BRN2 sequmce from 
plasmid T0P0JBRN2 was sub-cloned in the antisense orientation as a BglHrto-BamHl 
fragment into BaiwHI-digested pCMVJBRN2.BGI2 to make plasmid 
5 pCMViRN2.BGI2.2NRB- 

5. Detection of co-suppression phenotype 

(a) Transfection of Bm-2 constructs: Insertion of Bm2'€xpressing transgene into 
10 MM96L cells 

Transformations were performed in 6-well tissue culture vessels. Individual wells were 
seeded with 1 x 10^ MM96L cells in 2 ml of RPND 1640 medium, 10% v/v FBS and 
incubated at 37°C, 5% v/v CO2 until the monolayer was 60-90% confluent, typically 16 to 
15 24 hr. 

Subsequent procedures were as described above in Example 13, 3(a), excq>t that MM96L 
cells were incubated with flie DNA liposome conq)lexes at 37^C and 5% v/v CO2 for 3 to 4 
hr, only. 

20 

A total of 36 lines transformed with the construct pCMV.BRN23GI2.2NRB were chosen 
for subsequent analyses. 

(b ) Post'transcriptional silencing of Bm-2-expressing transgene in MM96L cells 

25 

Clones wifli features of PTGS of Bm-2 derived from MM96L cells std)ly transfected with 
the construct were selected on the basis of morphological changes from the phase bright, 
bipolar and multidendritic cell type common to melanocytes to a low contrast (LC), 
rounded shape which is distinct and easily identified. Cells arising from such LC clones are 
30 subjected to analysis by electromobility shift assay (EMSA, see below) to identify 
presence or absence of N-Oct-3 activity. Additional testing is based on the loss of 
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pigmentatioa. Cells of LC clones are stained for flie presence of melanin using flie 
modified Schmoil's method for staining of the pigment biopolymer. as descnbed in 
Exanoiple 14, above. Clones that fulfil all criteria - (i) LC morphology, (ii) absoice of N- 
Oct-3 DNA binding activity, and (iii) loss of pigmentation - undergo direct testing of 
5 PTGS via nuclear transoiption run-on assays. 

To isolate lines for further analyses, lines showing altered morphology were selected and 
sub-<:lones of these lines were obtained by plating the parental clones at low density and 
picking clones showing altered morphology using techniques outlined above (see Example 
10 10). The sulxlones chosen for further analyses were MM96L 2.1.1 and MM96L 3.19.1. 

4. Analysis by nuclear transcription run-on assays 

To estimate transcription rates of the endogenous BRN-2 gene in MM96L cells and the 
15 transformed lines MM96L 2.1,1 and MM96L 3.19.1, nuclear transcription nm-on assays 
are performed on nuclei isolated from actively dividing cells. The nuclei are obtained 
according to the cell nuclei isolation protocol set forth in Example 10, above, and 
transcription nm-on transcripts are labelled with biotin and purified using strq)tavidin 
capture as outlined in Example 10. 

20 

To detennine the transcription rate of the endogenous BRN-2 gene in the above cell lines, 
the amount of biotin-labelled BRN-2 transcript isolated from nuclear nm-on assays is 
quantified using real time PCR reactions. The relative transcription rates of the endogenous 
BRK-2 gene is estimated by comparing the level of biotm-labelled BRN-2 RNA to the 
25 level of a ubiquitously-expressed endogenous transcript, namely human glyceraldehyde 
phosphate dehydrogenase (GAPDH). 

The levels of expression of both the endogenoxis BRN-2 and human GAPDH genes are 
determined in duplex PCR reactions. 

30 
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5. Comparison of mSNA in non-transformed and co-suppressed lines 

Messenger RNA for the endogenous Bm-2 gene and RNA transcribed from flie transgene 
BRN2.BGI2^KI(B are analyzed according to the protocols set forth in Exan^le 10, above. 

5 

To obtain accurate estimates of BRN-2 mKNA levels in MM96L and transformed lines, 
real time PCR reactions were employed Results from these analyses are shown in Table 
11. 

10 TABLE 11 



Cell Line 


and QASTm mRNA l^els in 
olifio-dT purified total BNAs 


Relative Jevds of 
i(RN-2niRNA 




CtTYR 


QGAPDH 


AC, 




MM96L 


33.1 


22.7 


10.4 


1.00 


MM96L 2.1.1 


33.2 


22.5 


10.7 


0.83 


MM96L 3.19.1 


32.1 


22.6 


9.5 


0.89 



These data show that the levels of BRN-2 mRNA (bs poly(A)RNA) in two transformed 
lines with reversion phenotype, MM96L 2.1.1 and MM96L 3.19.1, are not significantly 
. 15 different from the level of BRN-2 mRNA in non-transformed MM96L cells. 

6. Southern analysis 

Individual transgenic MM96L cell lines are analyzed by Southern blot analysis to confirm 
20 integration and detennine copy nimiber of the transgene. The procedure is carried out 
according to the protocol set forth in Exanoiple 10, above. 

7. Electromobility shift assay (EMSA) 

25 To prqiare nuclear and cytoplasmic extracts, 2 x 10^ ceUs are plated in a 100 mm TCdish 
and grown overoigjit Before harvesting cells, die TC dish is put on ice, flie medium 
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aspirated coii5)letely and cells washed twice with ice cold PBS. A volume of 700 jd PBS is 
added and cells scnqped off the plate and the suspension transfecred to a 1.5 ml microfuge 
tube- The plate is rinsed with 400 jil ice cold PBS and ttiis is added to the tube. AH 
subsequent woric is done at 4®C. The cell suspension is centrifixged at 2,500 ipm for 5 min 

5 and ihc supernatant removed. A volume of 150 pi HWB solution [10 mM HEPES pH 7.4, 
1 .5 mM MgQa, 10 mM KCl, protease inhibitors (Roche), 1 mM sodium ortbovanadate and 
phosphatase inhibitors comprising 10 mM NaF, 15 mM Na2Mo04 and 100 pM Na3V04] is 
added to the pellet and cells resuspeaded with a pipette. Cell swelling is checked at this 
point. A volume of 300 \il LB solution [10 mM HEPES pH 7.4, 1.5 mlvf Mga2, 10 mM 

10 KCl, protease inhibitors (Roche), 1 mM sodium orthovanadate and phosphatase inhibitors 
and 0.1% NP-40] is added and cells left on ice for 5 min. Cell lysis is checked at this point. 
The tube is spun at 2500 ipm for 5 min and the supernatant transferred to a new tube. The 
pellet, which comprises the cell nuclei, is retained. 

15 Nuclei are washed by resuspension in 800 pi of HWB solution, then the tube is spun at 
2,5(X) ipm for 5 min The supernatant is removed and the nuclei are resuspended in 150 \il 
NEB solution [20 mM HEPES pH 7.8, 0.42 M NaCI, 20% v/v glycerol, 0.2 mM EDTA, 
1.5 mM MgCh, protease inhibitors, 1 mM sodium orthovanadate and phosphatase 
inhibitors] and left on ice for 10 min. The tube is spun at 13,000 ipm to pellet nuclear 

20 remnants, then the supernatant, which is the nuclear extract, is removed. A small aliquot of 
each nuclear extract is retained for determination of protein concentration by tiie 
colorimetric Bradford assay (Bio-Rad). The remainder is stored at -l&^C. NEB solution is 
stored and used to dilute extracts for working concentrations. 

25 The double-stranded DNA probes used for EMSA of N-Oct-1 and N-Oct-3 were as 
follows:- 

clone 25 GCATAATTAATGAATTAGTG [SEQ ID N0:19] 
CGTATTAATTACTTAATCAC 

30 
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Oct-WT 



GAAGTATGCAAAGCATGCATCTC 
CTTCATACGTTTCGTACGTAGAG 



[SEQIDNO:20] 



Oct-dpm8 



GAAGTAAGGAAAGCATGCATCTC 
GTTCATTCCTTTCGTACGTAGAG 



[SBQIDN0:21] 



5 



The clone 25 probe has a high affinity for Oct-1 and N-Oct-3. The sequence was selected 
for these properties fiom a panel of irandomly-generated double stranded oUgonucleotides 
(Bendall et al, 1993). The probe Oct-WT was derived fiom the SV40 enhancer sequence 
10 and contains a consensus octamer binding site which has been mutated in the Oct-dpm8 
probe (Sturm et al, 1987; Thomson et al, 1995). 

Probes are labelled with [y-^^PJ-ATP. The probes are diluted to 1 fiM and 5 fil is incubated 
at 37^C for 1 hr in 1 X polynucleotide kinase (PNK) buffer (Roche), 2 }il [y-^^P]-ATP (10 
15 mCi/ml, 3000 Ci/mmol, Amersham) with 1 ^il T4 PNK (10 U/fil (Roche)) brought to a 
volume of 20 jil with MilliQ water. The reaction is diluted to 100 jil with TE buflFer (see 
Example 10) and run fhrou^ a Sephadex G25 column (Nap column (Roche)) with TE. 
Approxunately 4.5 pmol of labelled probe is recovered at a concentration of 0.15 pmol/jil. 
Labelled probes are stored at -20**C. 



Binding reactions of probe and extracts are done in 10 |il volumes conqprising 12% v/v 
glycerol, 1 x bindmg buflBer (20 mM HEPES pH 7.0, 140 mM KQ), 13 mM NaO, 5 mM 
MgCh, 2 jil labelled probe (0.04 pmol), 1 fig protein extract, MilliQ water and, where 
indicated, unlabelled probe coitq>etitor. The order of addition is usually competitor or 
25 water, labelled probe, protein extract One tube is prepared without a protein sample but 
with 2 fil PAGE loading dye (see Example 10). 

Binding reactions are mcubated for 30 min at room temperature before 9 jd is loaded into 
the wells of a Mmi-Protean (Bio-Rad) apparatus prepared with a 7% acrylamide: 
30 bisacrylamide 29:1 Tris-glycine gel. The 1 x gel and 1 x gel running buffer are diluted 
from 5 X stocks, respectively, 0.75 M Tris-HCl pH 8.8 and 125 mM Tris-HQ pH 8.3, 0.96 



20 
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M glycine, 1 mMEDTApH 8- Gds are run at 10 V/cm, fixed in 10% v/v acetic acid for 15 
min, transferred to Whatman 3MM p^er and dried before exposure of X-ray film for 16- 
48 hr. 

5 EXAMPLE 20 

Co-suppression ofYB-l andp53 in Murine TypeBlO.2 and Pant 212 ceOsm vitro 

1. Culturing of ceil lines 

10 B10.2 cells derived fiom murine fibrosarcoma and Pam 212 cells derived fiom murine 
epidermal keratinocytes were grown as adherent monolayers using either RPMI 1640 or 
DMEM supplemented with 5% v/v FBS, as described in Example 10, above. 

2. Preparation of genetic constructs 

15 

(a) Interim plasmids 
PlasmidTOPO.YB'l 

To amplify a region of the mouse YB-1 gene, 25 ng of a plasmid clone containing a mouse 
20 YB-1 cDNA (obtained firom Genesis Research & Development Corporation, Auckland 
NZ) was used as a substrate for PGR amplification using the primers:- 

Y 1 : AGA TCT GCA GCA GAC CGT AAC CAT TAT AGG [SEQ ID NO:22] 

and 

25 Y4: GGA TCC ACC TTT ATT AAC AGG TGC TTG CAG (SEQ ID NO:23]. 

The PCR amplification was performed using HotStarTaq DNA polymerase according to 
the manufacturer's protocol (Qiagen). PCR amplification conditions involved an initial 
activation step at 95'*C for 15 mins, followed by 35 amplification cycles of 94''C for 30 
30 sees, 55^C for 30 sees and 72*'C for 60 sees, with a final elongation step at 72^C for 4 
mins. 
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The PCR amplified region of YB-1 was column purified (PGR purification column, 
Qiagen) and tiien cloned into pCR (registered trademaric) 2.1-TOPO according to flie 
manufacturer's instructions (Invitrogen), to make plasmid TOPO.YB-1- 

5 

Pla^idTOPO.v53 

To amplify a region of the mouse p53 gene, 25 ng of a plasmid clone containing a mouse 
p53 cDNA (obtained from Genesis Research & Development Corporation, Auddand NZ) 
was used as a substrate for PCR amplification using the primers:- 

10 

P2: AGA TCT AGA TAT OCT GCC ATC ACC TCA CTG [SEQ ID NO:24] 

and 

P4: GGA TCC CAG GCC CCA CTT TCT TGA CCA TTG [SEQ JD NO:25]. 

15 The PCR amplification was performed using HotStarTaq DNA polymerase according to 
the manufacturer's protocol (Qiagen). PCR amplification conditions involved an initial 
activation step at 95^C for 15 mins, followed by 35 amplification cycles of 94°C for 30 
sees, 55'*C for 30 sees and 72''C for 60 sees, with a final elongation step at 72**C for 4 
mins. 

20 

The PCR amplified region of p53 was column purified (PCR purification column, Qiagen) 
and then cloned into pCR (registered trademark) 2.1-TOPO according to the 
manufacturer's instructions (Invitrogen), to make plasmid TOPO.p53. 

25 Plasmid TOPO.YBLv53 

To create a construct fusing YB-1 and p53 cDNA sequences, the murine YB-l sequence 
from TOPO.YB-1 was isolated as a BglH-toBamHl fragment and cloned into the BaniHi 
site of TOPO.p53. A clone in which the YB-1 insert was oriented in the same sense as the 
p53 sequence was selected and designated TOPO.YBl.p53. 



30 
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(b) Testplasmids 
Plasmid vCMV.YBLBGI2.lBY 

Plasmid pCMV.YB13GI2.lBY (Figure 23) is capable of transoibing a region of the 
S murine YB-1 gene as an inv^d repeat or palindrome fhat is interrupted by tiie human 
globin intron 2 sequence •tiia:euL Plasmid pCMV.YBlJ3GI2.lBY was constructed in 
successive steps: (i) the YB*1 sequence from plasmid TOPO.YB-1 was sub-cloned in ttie 
sense orientation as a BgniAo-BantHI fiagment into f^OI-digested pCMWBGH to make 
plasmid pCMV.YBliGI2, and (ii) the YB-1 sequence from plasmid TOPO.YB-1 was 
10 sub-cloned in the antisense orientation as a BgULAo-BarnHL fiagment into ifamHI-digested 
pCMV.YBLBGE to make plasmid pCMV.YBl.BGI2. IB Y. 

Plasmid dCMV.YBLd53.BGI135d.1BY 

Plasmid pCMV.YBl.p533GE.35p.lBY (Figure 24) is capable of expressing fiised 
15 regions of the murine YB-1 and p53 genes as an inverted repeat or palindrome that is 
interrupted by the human P-globin intron 2 sequence therein- Plasmid 
pCMV.YBLp53.BGI2.35p.lBY was constructed in successive steps: (i) the YB-l.p53 
fusion sequence from plasmid TOPO.YBl.p53 was sub-cloned in the sense orientation as a 
BglE'to-BamHI fragment into 5g/n-digested pCMV.BGI2 to make plasmid 
20 pCMV.YBl.p53.BGI2, and (ii) the YB-l.p53 fusion sequence from plasmid 
TOPO.YBl.p53 was sub-cloned in the antisense orientation as a BglR'to-BaniHl fragment 
into fiawiHI-digested pCMV.YBl.p53.BGI2 to make plasmid 
pCMV.YBl.p53.BGI2.35p.lBY. 
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5. Detection of co-suppression pheno^es 

(a) Post-transay>tional gene silencing of YB-J by insertion of a region of the YB-1 
gene into murine fibrosarcoma B10.2 cells and murine epidermal keratinocyte 
5 Pam 212 cells 

YB-1 CY-box DNA/RNA-binding fiictor 1) is a transcription factor that binds, inter alia, to 
the promoter region of the p53 gene and in so doing represses its expression. In cancer 
cells that express normal p53 protein at normal levels (some 50% of all human cancers), 
10 the expression of p53 is under the control of YB-1, such that diminution of YB-1 
expression results in increased levels of p53 protein and consequent apoptosis. The murine 
cell lines B10.2 and Pam 212 are two such tumorigenic cell lines with, normal p53 
expression. The expected phenotype for co-suppression of YB-1 in these two cell lines is 
apoptosis. 



15 



20 



Transformations with pCMV.YBl.BGI2.lBY were performed in 6 weU tissue culhue 
vessels, hidividual wells were seeded with 3.5 x lO" cells (B10.2 or Pam 212) in 2 ml of 
RPMI 1640 or DMEM, 5% v/v FBS and incubated at 37°C, 5% v/v CO2 for 24 hr prior to 
transfectiotL 

The two mixes used to prepare transfectLon medium were: 



Mi2cA: 15 t^l of LlPOFECTAMDSfE 2000 (trademark) Reagent (Life Technologies) 
in 100 \il of Opti-MEM I (registered trademark) medium (Life 
25 Technologies), incubated at room temperature for 5 min; 

MixB: 1 ^il (400 ng) of pCMV.YBl.BGI2.lBY DNA in 100 jil of Opti-MEM I 
(registered trademark) medium. 

30 After preliminary incubation. Mix A was added to Mix B and the mixture incubated at 
room temperature for a further 20 min. 
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Medium overlaying each cell culture was replaced with 800 ]i\ of fresh medium and 200 (il 
of transfection mix added. Cells were incubated at 3rC, 5% v/v COj for 72 hr. 

5 Duplicate cultures of both cell types (Bl 0.2 and Pam 212) were transfected. 

Cells were suspended with trypsin, ceatrifuged and resuspended in PBS according to the 
protocol described in Example 10. 

10 Live and dead ceU numbers were determined by trypan blue staining (0.2%) and counting 
in quadruplicate on a haranocytometer slide. Results are presented in Figures 25A, 252B, 
25C and 25D (refer to the Figure Legends for details). 

(b) Post-transcripHonal gene silencing of YB-1 and p53 by co-insertion of regions of 
15 the YB-1 and p53 genes into murine fibrosarcoma B10.2 cells and murine 

epidermal keratinocyte Pam 212 cells 

The data presented in Figures 25A, 25B, 25C and 25D show that cell death is increased in 
B10.2 and Pam 212 cells foUowing insertion of a YB-1 construct designed to induce co- 
20 suppression of YB-1, consistent with induction of co-suppression. Simultaneous co- 
suppression of p53, which is responsible for initiating the apoptotic response in these cells, 
would be expected to eliminate excess cell death by ^optosis. 

Transformations with pCMV.YBl.p53.BGI2.35p.lBY were performed in 6 weU tissue 
25 culture vessels. Individual wells were seeded with 3.5 x 10* cells (B 10.2 or Pam 212) in 2 
ml of RPMI 1640 or DMEM, 5% v/v FBS and incubated at 37°C, 5% v/v CO2 for 24 hr 
prior to transfection. 



The two mixes used to prepare transfection medium were:- 

30 



wo 01/70949 



PCT/AUOl/00297 



-120- 



Mix A : 1 .5 \i\ of LiPOFECTAMINE 2000 (trademark) Reagent in 100 jil of Ora- 
, MEM I (re^stered trademark) medium, incubated at room temperature for 5 

mii^ 

5 NfixB : 1 III (400 ng) of pCMV.YBl.p533GI2.35p.lBY DNA in 100 |il of Ofh- 
MEM I (registered tradeoiark) medium. 

After preliminary incubation, ^Gx A was added to Mix B and the mixture incubated at 
room temperature for a further 20 min. 

10 

Medium overlaying each ceU culture was replaced with 800 jil of ftesh medium and 200 nl 
of transfection mix added. Cells were incubated at 37»C, 5% v/v CO2 for 72 hr. 

Cells were suspended with trypsin, centrifixged and resuspended in PBS according to the 
1 5 protocol described in Example 10. 

Live and dead ceU numbers were determined by trypan blue staining (0.2%) and counting 
in quadrupUcate on a haemocytometer sUde. Results are presented in Figures 25A, 252B, 
25C and 25D (refer to the Figure Legends for details). 

20 

(c) Control: Insertion of GFP into murine fibrosarcoma B10.2 cells and marine 
epidermal keratinocyte Pam 212 cells 

Transformations with pCMV.EGFP were performed in 6 weU tissue culture vessels. 
25 Individual wells were seeded with 3.5 x lO' cells (B10.2 or Pam 212) in 2 ml of RPMI 
1640 or DMEM, 5% v/v FBS and incubated at 37°C, 5% v/v CO2 for 24 hr prior to 
transfectioiL 



The two mixes used to prepare transfection medium were:- 

30 
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Mix A : 1.5 \i\ of LipofectAMINE 2000 (trademark) Reagent in 100 \il of Ora- 
MEM I (registered trademark) mediun^ incubated at room temperature for 5 
min; 

5 MixB : 1 jil (400 ng) of pCMV.EGFP DNA in 100 fil of OPTI-MEM I (registered 
trademark) mediuoL 

After preliminary incubation, Mix A was added to Mix B and the mixture incubated at 
room temperature for a further 20 min. 

10 

Medium overlaying each cell culture was replaced with 800 jil of fresh medium and 200 \il 
of transfection mix added. CeUs were incubated at 37*^0, 5% v/v CO2 for 72 hr. 

Cells were suspended with trypsin, centrifiiged and resuspended in PBS according to the 
1 5 protocol described in Example 10. 

Live and dead cell numbers were determined by trypan blue staining (0.2%) and counting 
in quadruplicate on a haemocytometer slide. Results are presented in Figures 25A, 252B, 
25C and 25D (refa: to the Figure Legends for details). 

20 

(d) Control: Attenuation of YB-l phenotype by insertion of a decoy Y-box 
oligonucleotide into murine fibrosarcoma B10.2 cells and murine epidermal 
keratinocyte Pam 212 cells 

25 The role of YB-lin repressing p53-initiated apoptosis in B10.2 and Pam 212 cells has been 
demonstrated by relieving the repression in two ways: (i) transfection with YB-1 antisense 
oligonucleotides; (ii) transfection with a decoy oligonucleotide that corresponds to the Y- 
box sequence of the p53 promoter. The latter was used as a positive control in the present 
example. 

30 
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Transfohnations with YBl decoy and a control (non-specific) oUgonucleotide were 
perfbnned in 24 weU tissue culture vessels. Individual wells were seeded with 3.5 x 10 
cells (B102 or Pam 212) in 2 ml of RPMI 1640 or DMEM, 5% v/v FBS and incubated at 
37°C, 5% v/v CO2 for 24 hr prior to traiisfection- 

5 

The two mixes used to prq)are transfection medium were:- 

MixA : 1.5 nl of lipofectin (trademark) Reagent (Life Tedinologies) in 100 jil of 
Opn-MEM I (registered trademark) medium, incubated at room 
10 temperature for 30 min; 

MixB : 0.4 nl (40 pmol) of oligonucleotide (YBl decoy or control) in 100 |il of 
Opn-MBM I (registered trademaik)medium. 

15 After preliminary incubation. Mix A was added to Mix B and the mixture incubated at 
loom temperature for a fiirther 15 min. 

A no-oUgonucleotide (Lipofectin (trademark) only) control was also piepmed. 

20 CeUs were washed in serum-fiee medium (Optimem) and transfection mix added. Cells 
were incubated at 37»C. 5% v/v CO2 for 4 hr, after which medium was replaced with 1 ml 
of RPMI containing 10% v/v FBS and incubation continued ovranight (18 hr). 

CeUs were suspended with trypsin, centrifuged and resuspended in PBS according to the 
25 protocol desoibed in Example 10. 

Live and dead ceU numbers were determined by trypan blue staining (0.2%) and counting 
in quadrupUcate on a haemocytometer sUde. Results are presented in Figures 25A, 252B, 
25C and 25D (refer to the Figure Legends for details). 

30 



wo 01/70949 



PCT/AUOl/00297 



-123- 

Those sldUed in the art wfll appreciate that the inveatioii described herein is susceptible to 
variations and modifications other than those specificaDy desraibed. It is to be nnderstood 
that the invention includes aU such variations and modifications. The invention also 
includes all of the steps, features, compositions and compounds referred to or indicated m 
5 ihis specification, individually or collectively, and any and aU combinations of any two or 
more of said steps or fisatures. 
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CLAIMS 

I A genetic construct coinpiising a sequence of nucleotides substantially 

identical to a target endogenous sequence of nucleotides in the genome of a vertd)rate 
animal ceU wherein upon introduction of said genetic constract to said animal cell, an 
RNA transcript resulting ftom transcaiption of a gene comprising said endogenous target 
sequence of nucleotides exhibits an altered capacity for translation into a proteinaceous 
product. 

2. A genetic construct according to Claim 1 wherein the vertebrate animal cell 
.is from a mammal, avian species, fish or reptile. 

3. A genetic construct according to Claim 2 wherein the vertebrate animal ceU 
is from a mammal. 

4. A genetic construct according to Claim 3 wherein the mammal is a human, 
primate, livestock animal or laboratory test animal. 

5. A genetic construct according to Claim 4 wherein Ihe mammal is a murine 
species. 

6. A genetic constract according to Claim 4 wherdn the mammal is a human. 

7. A genetic construct according to Claim 1 wherein the construct furflia- 
comprises a nucleotide sequence complementary to said target endogaious nucleotide 
sequence. 

8. A genetic constract according to Claim 7 wherein das nucleotide sequences 
identical and complementary to said target endogenous nucleotide sequences are separated 
by an intron sequence. 
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9. A genetic constract according to Claim 8 wherdn the mtronseqjien^ 
intron bom. a geae encoding /^globin. 

10. A genetic constnict according to Claim 9 wherein tiie /3-globin intron is 
human |3-globin intron 2. 

11. A genetic construct according to any one of Claims 1 to 10 wherein there is 
substantiaUy no reduction in the level of transcription of said gene compiising the 
endogenous target sequence. 

12. A genetic constiixct according to any one of Claims 1 to 10 wherein tiie total 
level of RNA transcribed from said gene comprising said endogenous target sequence of 
nucleotides is not substantially reduced. 

13 . A genetic construct comprising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell; 

(ii) a single nucleotide sequence substantially complementary to said 
target endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of 
(i)and(ii); 

wherein upon introduction of said construct to said animal cell, an RNA transcript 
resulting from transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for transcription. 

14. A genetic construct according to Claim 13 wherein the vertebrate animal 

cell is from a manunal, avian species, fish or rqjtile. 
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15 A genetic construct accoiding to Qaim 14 wherein the vCTtebrate animal 
cell is fiom amanunaL 

16 A genetic construct according to Claim 15 wherein the mammal is a human, 
primate, livestock animal or laboratory test animal 

17 A genetic construct according to Claim 16 wherein the mammal is a murine 

species. 

18^ A genetic construct according to Claim 15 wherein the mammal is a human, 

19^ A genetic construct according to any one of Claims 13 to 18 wherein there 

is substantially no reduction in the level of transcription of said gene comprising the 
endogenous target sequaice. 

20. A genetic construct according to any one of Claims 13 to 18 wherein total 
level of RNA transcribed from said gene comprising said endogenous target sequence of 
nucleotides is not substantially reduced. 

21 . A genetic construct comprising:- 

(i) a nucleotide sequence substantially identical to a target endograous 
sequence of nucleotides in the genome of a vertebrate animal cell; 

(ii) a nucleotide sequence substantially complementary to said target 
endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of 
(i) and (ii); 



wo 01/70949 



PCT/AUOl/00297 



-130- 

wherein upon introduction of said construct to said animal cell, an RNA transcript 
resulting bom transcription of a gene con:5)rising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product and 
wherein there is substantially no reduction in the level of transcription of said gene 
comprising the endogenous target sequence and/or total level of RNA transcribed from 
said gene comprising said endogenous target sequence of nucleotides is not substantially 
reduced 

22. A genetic construct according to Claim 21 wherein the vertebrate animal 
ceU is from a mammal, avian species, fish or reptile. 

23. A genetic construct according to Claim 22 wherein the vertebrate animal 
cell is from a mammal. 

24. A genetic construct according to Claim 23 wherein the mammal is a human, 
primate, livestock animal or laboratory test animal. 

A genetic construct according to Claim 24 wherein the manomal is a murine 

A genetic constmct according to Claim 24 wherein the mammal is a human. 
A genetically modified vertebrate animal cell characterized in that said cell:- 

(i) comprises a sense copy of a target endogenous nucleotide sequence 
introduced into said cell or a parent cell thereof; and 

(ii) comprises substantially no proteinaceous product encoded by a gene 
comprising said endogenous target nucleotide sequence compared to ^ 
a non-geneticaliy modified form of same celL 



25. 

species. 

26. 

27. 
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28. A genetically modified vertebrate animal cell according to Claim 27 
wherein the vertebrate animal cell is from a mammal, avian species, fish or reptile. 

29. A genetically modified vertebrate animal cell according to Claim 28 
wherein the vertebrate animal cell is from a mammal. 

30. A genetically modified vertebrate animal cell according to Claim 29 
wherein the mammal is a human, primate, livestock animal or laboratory test animal. 

31. A genetically modified vertebrate animal cell according to Claim 30 
wherein the mammal is a murine species. 

32. A genetically modified vertebrate animal cell according to Claim 30 
wherein the mammal is a human. 

33. A genetically modified vertebrate animal cell according to Qaim 27 
wherein the construct further comprises a nucleotide sequence complementary to said 
target endogenous nucleotide sequence. 

34. A genetically modified vertebrate animal cell according to Claim 33 
wherein the nucleotide sequences identical and complementary to said target endogenous 
nucleotide sequences are separated by an intron sequence. 

35. A genetically modified vertebrate animal cell according to Claim 34 
wherein the intron sequence is an intron from a gene encoding jS-globin. 

36. A genetically modified vertebrate animal cell according to Claim 35 
wherein the jS-globin intron is human jS-globin intron 2. 
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37. A genetically modified vertebrate animal cell according to any one of 
Claims 27 to 36 wherein tbere is substantially no reduction in the level of transcription of 
said gene comprising tiie endogenous target sequence. 

38. A genetically modified vertebrate animal cell according to any one of 
Claims 27 to 36 wherein total level of RNA transcribed fix)m said gene comprising said 
endogenous target sequence of nucleotides is not substantially reduced. 

39. A genetically modified vertebrate animal cell characterized in that said ceU:- 

(i) comprises a sense copy of a target endogenous nucleotide sequence 
introduced into said cell or a parent cell thereof; 

(ii) comprises substantially no proteinaceous product encoded by a gene 
comprising said endogenous target nucleotide sequence compared to 
a non-genetically modified form of same cell; and 

(iii) comprises substantially no reduction in the levels of steady state 
total RNA relative to a non-genetically modified fomi of the same 
ceU. 

40. A genetically modified vertebrate animal cell according to Claim 39 
wherein the vertebrate animal cell is from a mammal, avian species, fish or reptile. 

41. A genetically modified vertebrate animal cell according to Claim 40 
wherein the vertebrate animal cell is from a mammal. 

42. A genetically modified vertebrate animal cell according to Claim 41 
wherein the mammal is a human, primate, Uvestock animal or laboratory test animal. 
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43, A genetically modified vertebrate animal cell according to Claim 42 

wherein the mammal is a murine species. 

44_ A genetically modified vertebrate animal cell according to Claim 42 

wherein the mammal is a human. 

45, A genetically modified vertebrate animal cell according to Claim 39 

wherein the cell further conq)rises a imcleotide sequence complementary to said target 
endogenous nucleotide sequence. 

46 A genetically modified vertebrate animal cell according to Claim 39 

wherein the nucleotide sequences identical and complementary to said target endogenous 
nucleotide sequences are separated by an intron sequence. 

47, A genetically modified vertebrate animal cell according to Claim 46 
wherein the intron sequence is an intron from a gene encoding /3-globin. 

48. A genetically modified vertebrate animal cell according to Claim 47 
wherein the jS-globin intron is human jS-globin intron 2. 

49, A method of altering the phenotype of a vertebrate animal cell wherein said 
phenotype is conferred or otherwise facilitated by the expression of an endogenous gene, 
said method comprising introducing a genetic construct into said cell or a parent of said 
cell wherein the genetic constmct comprises a nucleotide sequence substantially identical 
to a nucleotide sequence comprising said endogenous gene or part thereof and wherein a 
transcript exhibits an altered capacity for translation into a proteinaceous product 
compared to a cell without having had the genetic construct introduced. 

50. A method according to Claim 49 wherein the vertebrate animal cell is from 
a mammal, avian species, fish or reptile. 
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51 . A method according to Claim 50 wherein the vertebrate animal cell is &om 
amanutial. 

52. A method according to Claim 51 wherein the mammal is a human, piimate, 
livestock animal or laboratory test a n i m a l . 

53 A method according to Claim 52 wherein the maimnal is a murine species. 

54. * A method according to Claim 52 wherein the mammal is a human. 

55 A method according to Claim 49 wherem the construct further comprises a 
nucleotide sequence complementary to said target endogenous nucleotide sequence. 

56 A method according to Claim 49 wherein the nucleotide sequences identical 
and complementary to said target endogenous nucleotide sequences are separated by an 
intron sequence. 

57^ A method according to Claim 56 wherein the intron sequence is an intron 

from a gene encoding )S-globirL 

5g A method according to Claim 57 wherein the jS-globin intron is himian ^ 

globin intron 2. 

59^ A genetically modified ammal comprismg the genetically modified 

vertebrate animal cells according to any one of Claims 27 to 38. 

60. A genetically modified animal comprising the genetically modified 
vertebrate animal cells according to any one of Claims 39 to 48. 

61. A genetically modified murine animal comprising a nucleotide sequence 
substantially identical to a target endogenous sequence of nucleotides in the genome of a 
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cell of said murine animal wherein an KNA transcript resulting from transcription of a 
gene comprising said endogenous target sequence of nucleotides exhibits an altered 
capacity for translation into a proteinaceous product. 

62. A genetically modified murine animal according to Claim 61 wherein the 
construct further conq)rises a nucleotide sequmce complementary to said target 
endogenous nucleotide sequence. 

63. A genetically modified murine animal according to Claim 61 wherein the 
nucleotide sequences identical and complementary to said target endogenous nucleotide 
sequences are separated by an intron sequence. 

64. A genetically modified murine animal according to Claim 63 wherein tfie 
intron sequence is an intron from a gene encoding /S-globin. 

65 . A genetically modified murine animal according to Claim 64 wherein the j8- 
globin intron is human jS-globin intron 2. 

66. A genetically modified murine animal according to any one of Claims 61 to 
65 wherein there is substantially no reduction in the level of transcription of said gene 
comprising the endogenous target sequence. 

67. A genetically modified murine animal according to any one of Claims 61 to 
65 wherein total level of RNA transcribed firom said gene comprising said endogenous 
target sequence of nucleotides is not substantially reduced. 

68. Use of a genetic constract comprising a sequence of nucleotides 
substantially identical to a target endogenous sequence of nucleotides in the genome of a 
vertebrate animal cell in the generation of an animal cell wherein an KNA transcript 
resulting from transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product. 
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69. Use according to Claim 68 wherein the vertebrate animal cell is from a 
mammal, avian species, fish or reptile. 

70. Use accoiding to Claim 69 wherein the vertebrate animal cell is &om a 
mammal. 

71. Use according to Claim 70 wherein the mammal is a hiunan, primate, 
livestock animal or laboratory test animal. • 

72. Use according to Claim 7 1 wherein the mammal is a murine species. 

73 . Use according to Claim 7 1 wherein the maiomal is a human. 

74. Use according to Claim 68 wherein the construct further comprises a 
nucleotide sequence complementary to said target endogenous nucleotide sequence. 

75. Use according to Claim 74 wherein the nucleotide sequences identical aad 
complementary to said target endogenous nucleotide sequences are separated by an intron 
sequence. 

76. Use according to Claim 75 wherein the intron sequence is an intron from a 
gene encoding jS-globin. 

77. Use according to Claim 76 wherein the jS-globin intron is human jS-globin 
intron 2. 

78. Use according to any one of Claims 68 to 77 wherein there is substantially 
no reduction in the level of transcription of said gene comprising the endogoious target 
sequence. 
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79. Use according to any one of Claims 68 to 77 wherein total level of RNA 
transcribed from said gene comprising said endogenous target sequence of nucleotides is 
not substantially reduced. 

80. A mettiod of genetic therapy in a vertebrate animal, said method comprising 
introducing into cells of said animal a construct comprising a sequence of nucleotides 
substantially identical to a target endogenous sequence of nucleotides in the genome of 
said animal cells such that upon introduction of said nucleotide sequence, RNA transcript 
resulting from transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product. 

81. A method according to Claim 80 wherein the vertebrate animal is a 
mammal, avian species, fish or reptile. 

82. A method according to Claim 81 wherein the vertebrate animal is a 
mammal. 

83^ A method according to Claim 82 wherein the mammal is a human, piimate, 

livestock animal or laboratory test animal. 

84. A method according to Clahn 83 wherein the mammal is a murine species. 

85. A method according to Claim 83 wherein the mammal is a human. 

86. A method according to Claim 80 wherein said introduced nucleotide 
sequence fiirther comprises a nucleotide sequmce complementary to said target 
endogenous nucleotide sequence. 

87. A method according to Claim 86 wherein the nucleotide sequences identical 
and complementary to said target endogenous nucleotide sequences are separated by an 
intron sequence. 
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SS. A method according to Claim 87 wherein the intron sequence is an intron 

from a gene encoding jS-globin. 

89. A method according to Claim 88 wherein the /3-globin intron is human jS- 
globin intron 2. 

90. A method according to any one of Claims 80 to 89 wh^ein there is 
substantially no reduction in the level of transcription of said gene comprising the 
endogenous target sequence. 

91. A method according to any one of Claims 80 to 89 wherein total level of 
RNA transcribed from said gene comprising said endogenous target sequence of 
nucleotides is not substantially reduced. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 




Figure 8 
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Figure 9C 



Figure 9D 
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Figure 10 
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Figure 11 



wo 01/70949 



PCT/AUOl/00297 



















sir" 

















Figure 12C 



Figure 12D 



wo 01/70949 



PCT/AUOl/00297 



13/28 




Figure 13 
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Figure 14 
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Figure 15 
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Figure 16 
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Figure 19 
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Figure 20A 
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Figure 22 
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Figure 24 
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